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Mathews Modernized Hydrants Set the 
Pace: All working parts contained in replace 
able barrel « Stuffing box cast integra! with 
nozzle section « Head can be turned 360 «+ 
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THE FIREMAN'S FRIEND 


ce e 

ce 
Simple, sound construction 
assures long, troublefree 
service. Only the operating 
thread requires lubrication 
once a year should be 

enough 


HYDRANTS 


hanged «+ Nozzle levels raised or lowered 
without excavating « Protection case of 
Sand -Spun ast iron for extra strength, 
toughness, elasticity « A modern barrel 


makes an old Mathews as good as new 


Made by R. D. Wood Company 

Public Ledger Building, Independence Square 
Philadelphia 5, Pa 

Manufacturers of “Sand Spun” Pipe (centrifugally cast in 
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Reinforced Concrete 
Subaqueous Pipe 


Lock Joint’s four designs of reinforced 
concrete pressure pipe answer any prob- 
lem in the field of large-diameter water 
supply conduits. 


All of these designs may be equipped with 
Lock Joint's flexible, self-centering Rubber 
and Steel Joint, which simplifies installa- 
tion and reduces the initial cost of laying 
the line. 


LOCK JOINT PIPE COMPANY 


Est. 1905 


P.O. Box 269, East Orange, N. J. 


PRESSURE PIPE PLANTS: Wharton, N. J., 
Turner, Kans., Detroit, Mich. 


BRANCH OFFICES: 
Casper, Wyo. e Cheyenne, Wyo. e Denver, Col. 
Kansas City, Mo. e Valley Park, Mo. e Chicago, 
It. e Rock Island, Ill. e Wichita, Kan. 
Kenilworth, N. J. . Hartford, Conn. 
Tucumcari, N. Mex. Oklahoma City, Okla. 
Tulsa, Okla, 


Lock Joint Reinforced Concrete Pressure 
Pipe is made in all standard diameters 
from 16°’ up, and will withstand any pres- 
sure common to American water works 
practice. 


* * * 


Your inquiry at any of the Company’s 
offices will receive a prompt reply. 


SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and installation 
of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Mains in a wide range 


of diameters as well as Concrete Pipe of all types for Sanitary Sewers, Storm Drains, Culverts 
and Subaqueous Lines. 
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H":. are just a few examples of 


the actual water savings 
effected by meters in all types of 
towns and cities. These savings rep- 
resent correction of leakage, careless 
waste or unauthorized use. In no case 
do they mean reducing the legitimate 
use of water. These figures speak for 
themselves — yet they only begin to 
tell the story. 
For complete factual data, call on 
your Trident Representative. 


NEPTUNE METER COMPANY © 50 West SOth Street * NEW YORK 20, N.Y 
Pertiend, Cre, 


“it must not be taken for granted,” writes 
a prominent Water Works General Superin- 
tendent and Chief Engineer, ‘thot with the 
installation of meters all troubles come to an 
end. Meters must be properly maintained 

.. Many o water company has become care 
less in meter maintenance, and as meter ef 
ficiency decreased, has looked to increased 
rates...A properly maintained meter de- 
partment is the most important part of any 
water system."’ Trident Meters, simple, and 
rugged, with 100% interchangeability of 
parts, are easy and ec ical to maintoi 
ot “new meter accuracy” through years of 
coastant service. 


18% metered — Per capite consumption 130 
100% metered — Per copite consumption 9! 
Pop. 1,440,000. 
DALLAS, TEXAS 


Unmetered — Per capite consumption 100 gpd. 
Merered — Per capite consumption 60 gpd. 


LOS ANGELES, CAL. 
10% metered — Per copita consumption 350 
gpd 
100% metered — Per copite consumption 116 
gpd. 


Metering cut 
$250,000 expendi for oddity 
supply. 


PATERSON, N. J. 


Unmetered — Per capita consumption 147 gpd. 
Pop. 126,000. 

Metered — Per capito consumption 63 gpd. Pop. 
135,000. 


ROCHESTER, N. Y. 


100% metering “reduced coreless consumption 


80 thot no acute 


The figures above ore quoted trom @ booklet 
published by vs in 1938. The story they tell 
epplies just os strongly todey, os evidenced 
by the example below: 


NAUGATUCK, CONN. 


TROUBLE — Consumption increose from 700 
million to 1 billion 100 million gallons threet- 
ened water shortage 


REMEDY — Universal metering with Trident 
Weter Meters. 


RESULTS — Soving on domestic consumption 
{first yeor) approximately 60%. Universal Tri- 
dent Metering revealed unaccounted for 
(wasted) woter amounted to 25%, helped to 
reduce it to 14%, the overall saving making 
evoilable additional 1 mgd, worth $29,200 per 
yeor. Investment in metering — $35,000, in- 
creased storage facilities for equivalent oddi- 
tional woter supply would hove cost mony 
times thot. 


HARTFORD, CONN. 
z 
a 
4 
postponed 
woter 
a 
a 
Denver, Dalles, Kansas City, Levisville, Atlante, Boston. 
NEPTUNE METERS, LTD., Long Brench, Ont, Conede 
METERING ALONE IS NOT ENOUGH... 
‘ 
WATER METER f 
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Lithographed on stone by Edward A. Wilson 


Take the lid off a busy street in 

any sizeable city! What will you 
find? A maze of mains—water, gas, 

and sewer mains—many of them 


cast iron mains—some of them in 
service for generations. Traffic 
shock, earth settlement, or earth —. 


disturbance by other utilities, are 
withstood by cast iron pipe be- 
cause of its shock strength, 
beam strength, and crushing 
strength. These strength factors, plus inherent re- 
sistance to corrosion, result in long life and economy. 
U. S. Cast Iron Pipe and Fittings, produced under 
modern quality-controls, are readily available in sizes 
to meet the normal requirements of any community. 
United States Pipe and Foundry Company, General 
Offices: Burlington, New Jersey. Plants and Sales 
Offices Throughout U. S. A. 
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COMING MEETINGS 


A.W.W.A. 1950 ANNUAL CONFERENCE 


Reservation forms have been mailed to all members, and all reser- 
vations will be cleared through the A.W.W.A. office. The 
hotels have agreed to accept no reservations for the 1950 Con- 
ference except as they are requested on the standard form pre- 
pared by the A.W.W.A. 


All Technical Sessions and Exhibits at Convention Hall 


Philadelphia, Pa. 
May 21-26 


Accommodations at Eleven Hotels 


April 


12-14 


Ilinois Section at LaSalle Hotel, Chicago. Secretary: 
Carl N. Brown, Western Sales Mgr., U.S. Pipe & Foundry 
Co., 122 S. Michigan Ave., Chicago 3, Ill. 


—Nebraska Section at Cornhusker Hotel, Lincoln. Secre- 


tary: J. W. Cramer, 922 Trust Bldg., Lincoln 8, Neb. 


Kansas Section at Lamer Hotel, Salina. Secretary: H. W. 
Badley, Repr., Neptune Meter Co., 640 Highland St., 
Salina, Kan. 


—California Section. Regional spring meeting in Santa 


Cruz. Secretary: W. W. Aultman, Box 38, LaVerne, 
Calif. 


Montana Section at Florence Hotel, Missoula. Secretary: 
Harvey W. Taylor, Montana State Board of Health, 
Helena, Mont 


Indiana Section at Purdue Univ., Lafayette. Secretary : 
C. H. Bechert, Dir., Div. of Water Resources, Ind. Dept. 
of Conservation, 445 N. Pennsylvania, Rm. 200, Indianapo- 
lis 4, Ind. 


Pacific Northwest Section at Hotel Winthrop, Tacoma, 
Wash. Secretary: Oscar P. Newman, Boise Water Corp., 
Soise, Idaho 

New Jersey Section Clambake and Outing, Germania Park, 
Dover. Secretary, C. B. Tygert, Box 178, Newark 1, N.J. 
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just don’t come too big for Koppers! 


WD Look at the 120-foot section of 66-inch steel pipe 
pictured above. It’s only a small fraction of the new 
10,000-foot intake pipe line of the Saginaw-Midland 
Water Project, Saginaw, Michigan. This entire pipe 
line, inside and out, has been protected against corro- 
sion with Koppers Bitumastic* 70-B Enamel. 

From start to finish, Koppers Contract Depart- 
ment handled this tremendous coating job. -Some of 
the 40-foot joints weighed approximately 14 tons; 
yet Koppers skilled workmen, using specialized spin- 
ning equipment, easily coated the p’pe’s interior with 
a glass-smooth spun lining. Saginaw can now be cer- 
tain that its pipe line will be protected against rust, 
corrosion and tuberculation . . . can be certain that 
the flow capacity will remain high. 

Why not submit your corrosion problems to our 
Contract Department? Write us today. 


PROTECTIVE COATINGS 


KOPPERS COMPANY, INC., Dept. 405-1, Pittsburgh 19, Pa. 
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‘Te E consuming public will long remember a brief siege of unpalatable water 
even though they receive a perfect water supply for the remainder of the year. 

Your best insurance against these consumer complaints is to keep an ade- 
quate supply of Aqua Nuchar Activated Carbon on hand. Then, when a sud- 


den taste or odor appears, it can be quickly controlled by large dosages of 


carbon. But remember, there seems to be a common inclination not to use 
the required high doses during short periods of intense tastes and odors. This 
is definitely a false economy when measured in terms of long range consumer 
relations. 

Many water plant operators control tastes and odors and their customers 
tempers by constant small dosages of Aqua Nuchar Activated Carbon. This 
prevents a sudden taste or odor condition from getting out of control, since a 
relatively small increase in the amount of Aqua Nuchar will quickly restore the 
palatability of the water. 


OTHER PRODUCTS: Snow Top Precipitated Calcium Carbonate * Nuchar 
Activated Carbons * Liqro Crude Tall Oil * Tallene Tall Oil Pitch * In- 
dusoil Distilled Tall Oil * Tallex Abietic Acid * Sulfate Wood Turpentine * 
Alpha Pinene * Beta Pinene * Polycel Cellulose Fibers * Indulin (Lignin) 


CHEMICAL SALES 
division west virginia pulp and paper company 


WEW YORK CENTRAL BLDG. PURE Off BLDG. PUBLIC LEDGER BLDG. LEADER BLDG. 
230 PARK AVENUE 35 E. WACKER DRIVE INDEPENDENCE SQUARE 526 SUPERIOR AVE., N.W. 
WEW YORK 17, H. Y. CHICAGO 1, ILLINOIS PHILADELPHIA 6, PA. CLEVELAND 14, OH10 
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Columbus -- 


Columbus, GEORGIA, that is-- 
discovers 


BREAK-POINT 


Were s whet Mr. George Lowe, Genera! 
Menage: of the 18 med Columbus Georgie 
Water Works bos te sey about bis 


experiences with BreakPoint 


1944 when Breok-Point wos applied 
@t our plont, we promptly received several 
advantages. We increased filter runs, 
obtained better cooguiction, and eli 
our troubles with slime ond . . 


Columbus, Ga. Woter Works where chlorin- 
ation by Wolloce & Tiernan is on the job 


Such results are typical with the Break-Point 
Process and dependable W & T Equipment 
In the case of the Columbus Water Works, 
four W & T Master Chlorinators handle pre- 
and post-chlorination and ensure an 
average free residual of between 0.4 anc’ 
0.6 ppm in practically all parts of the 
distribution system 

W &T Equipment is the first choice of thou- 
sands of progressive water works across the 
country because every unit is precision 
built with custom care to give long trouble- 
backed by 


over 35 yeors of leadership in chlorination, 


free service. Such equipment 


and coupled with the facilities of a nation- 


wide service staff, insures dependable, 
proven results 

Find out today how the Break-Point Process 
—especially when coupled with W&T 
Residual Chlorine Recorders—can help 
you. Your nearest W & T Representative will 
be glad to give you all the necessary 


information 


For precision feed of treatment chemicals use 
the WET Merchen Scale Feeder —handies from 
ounces te tens per minute, uses a constant speed 
weigh belt, and has a screw type feed section — 


WALLACE & TIERNA 


COMPANY, INC. 


mice 


> a Wa 
| 
| 
L 
xii 


AMERICAN WATER WORKS ASSOCIATION 


VOL. 42 * APRIL 1950 © NO.4 


Rates for General Water Service 
By Orville P. Deuel 


A paper presented on Oct. 13, 1949, at the Wisconsin Section Meeting, 
Milwaukee, Wis., by Orville P. Deuel, Rate Analyst, State Public 


Service Commission, Madison, Ws. 


SOUND approach to determining 

a reasonable rate for water serv- 

ice is to base the price on the cost of 
furnishing the service. Such a price is 
practical for a commodity not sold in 
competition. A pricing policy based 
on cost has a historical basis as old as 
modern civilization. During the Mid- 
dle Ages there was developed a theory 
of “just price,” a price that covered all 
reasonable cost plus enough more to 
maintain the social status of the seller. 
Any price yielding a return much in 
excess of cost was regarded as exorbi- 
tant and subject to the penalty of church 
and state. Out of this background de- 
veloped the concept of reasonable rates, 
as it is now known. Supreme Court 
Justice Hughes, discussing the question 
of specific freight rates for coal, said of 
them: “The outlays that exclusively 
pertain to a given class of traffic must be 
assigned to that class, and the other 
expenses must be fairly apportioned. 


When conclusions are based on cost, 
the entire cost must be taken into ac- 
count.” <A limitation on the applica- 
tion of the cost theory of rate determi- 
nation was set forth in Smyth v. Ames 
by the U.S. Supreme Court when it 
stated: “What the public is entitled to 
demand is that no more be exacted 
from it... than the services ren- 
dered . . . are reasonably worth.” 
Each municipal utility is entitled to 
earn, if possible, revenues sufficient to 
provide for reasonable operating ex- 
penses, depreciation expense, tax equiv- 
alent and profit, but the task of setting 
up proper rate schedules does not end 
there. The utility, in cooperation with 
the Wisconsin Public Service Com- 
mission should periodically check its 
rate structure to determine whether or 
not changes in population, changes in 
the use of service, expansion of the use 
of water or changes in the industrial 
or social life of the community have 
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rendered the existing rate schedule 
obsolete. 

Although water rates differ from 
rates for service by other public utili- 
ties, there is a resemblance to exchange 
telephone service rates in the use of 
minimum charges or a service charge 
There is also a similarity to electric 
rates in the customary use of a com- 
modity or output charge, but there the 
similarity ends. Water rate schedules 
are comparatively few in number and 
simple in form and have a lack of uni- 
formity not found in electric 
These differences arise largely from the 
basic difference in the commodity sold 
and the 
The recently increased desire to use 
water for air conditioning and other 


rates. 


customary uses made of it 


cooling systems might have changed 
the water rate situation and resulted in 
a more complex rate structure had the 
new demand not coincided with an 
alarming drop in the level of ground 
waters in many parts of the 
Where an ample supply exists and the 
commodity can be used indiscriminately 
without danger to sound conservation 
of natural resources, water rates of a 


highly promotional type might be given 


State. 


consideration, 

Rates for water service differ widely 
between communities for several rea- 
sons. The size of the utility has a di- 
rect effect on rates, because usually the 
larger it is, the lower the unit produc- 
tion costs. Size, in turn, depends on 
the location of the utility, because the 
service is by its nature limited to urban 
areas and it has not been found prac- 
ticable in Wisconsin to establish water 
transmission urban 
centers. A lack of 
uniformity in water rates is the nat- 
variations in the of the 


Purification and treatment 


mains connecting 


second cause of 
ural source 


commodity, 
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needed and depth of wells all directly 
affect operating expenses and therefore 
Problems of transmission vary 
Because 


rates. 
widely between communities. 
the water utility is essentially local, and 
because most of its plant has a com- 
paratively long life, the fixed charges 
will vary greatly with price levels ex- 
isting at the time of any major capital 
improvement and rates will be affected 
for many years. 


Allowable Expenses 


The problem of reasonable rates 
based on costs leads to consideration of 
the matter of reasonable expenses and 
investment in plant. Because major 
capital expenditures by Wisconsin pub- 
lie utilities must be authorized by the 
public service commission, the deter- 
mination of fixed charges related to in- 
vestment is not usually difficult for the 
ratemaker. Furthermore, it can often 
he assumed that previously recorded op- 
erating expenses are indicative of fu- 
ture requirements. In general, courts 
and commissions have been quite in- 
sistent that costs employed as a stand- 
ard of reasonableness refer to the usual 
expenses incurred under the reasonably 
efficient management of a going con- 
cern. The idea of allowable expenses 
was well stated by a federal judge in 
1923: “To be allowable in a rate case, 
operating expenses must be reasonable. 
The utility should be permitted to earn 
the cost of operation and a fair return; 
but, in addition to a fair return, it is 
not entitled to earn whatever it may 
choose to spend. Its expense account 
is limited to the reasonable cost of eff- 
cient ordinary operation, to the exclu- 
sion of expenditures too large, or other- 
wise improper, unjust or unfair to its 
patrons, who must pay them, if pro- 
vided for by higher rates.” 
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Design of Rate 

Assuming that reasonable costs have 
been determined and apportioned be- 
tween the two major classes of service 
—namely, public fire protection and 
general service—there remains the 
problem of designing rates for general 
service. 

Historically, many utilities furnished 
water service at a schedule of so-called 
flat rates. The simplest schedules were 
those which set up a uniform charge 
for residences and small commercial 
customers and specific tailored rates 
for large commercial and industrial 
customers. Such rate schedules fre- 
quently included an added charge for 
lawn-sprinkling privileges, and some 
were quite complicated. 

Few persons concerned with water 
utility rate problems would argue for 
a return to the flat rate. The basic 
problem involving general service rates 
today is found in the form and design of 
rates for metered service. A two-part 
rate is in general use in Wisconsin. In 
the larger cities the rate structure usu- 
ally consists of a schedule of service 
charges and another for output charges. 
In other communities, a combination 
minimum bill and output schedule is 
used in which the minimum bill in- 
cludes the service charge plus the cost 
of water allowed for the minimum. 

To design such a rate schedule, costs 
allocated to general service are first di- 
vided into capacity costs, direct expense, 
output costs and fixed charges. Ca- 
pacity costs, direct expense and a por- 
tion of the fixed charges are used to 
determine the minimum bill or service 
charge. 


Demand Costs 
The Wisconsin Public Service Com- 
mission, in docket 2-U-677, sometimes 
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referred to as the Milwaukee Water 
Works case, said: 


Engineering authorities of which we 
take judicial notice (such as Kent's Me- 
chanical Engineers’ Handbook | Ref. 1] 
and Merriman's | American] Civil Engi- 
neers’ Handbook |Ref. 2]) and the re- 
ported experience of meter manufactur- 
ing companies indicated considerable 
variation in the theoretical capacities of 
service pipe and meters of different sizes. 
Actual demands are recognized to vary 
widely from theoretical demands. Nev- 
ertheless, if we assume a velocity of flow 
in service pipes of 9.8 fps., a 2-in. meter, 
according to one authority, has a potential 
demand of about 1.25 cfm.; whereas a 
4-in. meter has a potential maximum de- 
mand of about 51.3 cfm. Even if the 
velocity of flow assumed is less, say 6.0 
ips., a 4-in. meter would have an indi- 
cated or potential maximum demand of 
31.4 cfim., which is many times that of 
a £-in. meter. 


The total theoretical demand, in 
cubic feet per minute, for general serv- 
ice can be readily determined from a 
tabulation of the number of meters of 
each size related to the theoretical de- 
mand per meter. This total, divided 
into the capacity costs assigned to gen- 
eral service plus directly assigned ex- 
penses and a portion of the assigned 
fixed charges, results in an indicated 
cost per cubic foot per minute of de- 
mand, which factor becomes the basis 
for determination of the readiness-to- 
serve charge. 

From studies of the use of water 
service by various classes of customers, 
it has been concluded that residential 
users (usually with 2-in. meters) will 
impose the maximum demand on the 
system for lawn sprinkling during an 
early summer evening. It is usually 
true that commercial and industrial cus- 
tomers, as a group, will not place their 
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heaviest demand on the system during 
the evening hours. Consequently, it 
appears reasonable to adjust the de- 
mand costs assigned to larger meters 
to allow for the noncoincident demand 
of the group and for diversity of use of 
service among the larger consumers 

If costs assigned to demand or readi- 
ness to serve are recovered in the rates 
charged for water consumed, they are 
paid for by each customer in proportion 
to the volume of water purchased. 
Volume of water used, however, may 
have no direct relationship to the po- 
tential demand of a customer which the 
utility must be prepared to meet at all 
times. Assignment of demand costs 
on the basis of theoretical or potential 
demand results in a rate schedule which 
makes possible a lower average rate for 
good load facter customers and a higher 
average rate for poor load factor cus- 
tomers, thus being in agreement with 
proper rate design. 


Output Costs 


If, for historical or other reasons, it 
is not practical to recover all demand 
costs assigned to general service in the 
service charge or minimum bill sched- 
ule, the balance of such costs may be 
relegated to the output costs and re- 
covered in the first few steps of the out- 
put or commodity part of the rate 
schedule. 

The design of the output schedule 
will ordinarily be premised on the av- 
erage cost per unit sold. It has usually 
been found desirable to employ a gradu- 
ated schedule of output costs. The 
wisdom of such a schedule is evident 
when a portion of the demand cost has 
been included with the total amount to 
be recovered in the output schedule. 
A further basis for employing a gradu- 
ated rate schedule is found in the op- 
eration of the principle of added cost. 
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If only small quantities of water were 
sold, unit production costs would be 
high. Quantity sales are in large meas- 
ure responsible for production volume, 
which is accompanied by lower unit 
costs. Another compelling reason for 
a graduated output schedule is found 
in the possibility of competition from 
privately owned wells of industrial 
customers. As a practical matter, it 
should be borne in mind that, until 
the point of diminishing return is 
reached, added pumping can result in 
profit if the selling price is slightly in 
excess of the sum of the pumping cost 
and incidental variable expenses. 

There is little, if any, uniformity in 
the number of blocks in existing rate 
schedules and in the spread between the 
top and bottom blocks or the range of 
minimum bills or service charges. Ex- 
amination of the rate files of twenty 
utilities of various sizes revealed that a 
six-block rate schedule was used by 
eight of them. Six schedules consisted 
of five blocks; four, of seven; and two, 
of eight blocks, minimum bill included. 
Among the twenty schedules, the great- 
est spread between the top and bottom 
block was 33¢ for 1,000 gal. and the 
smallest, 6¢. Eleven of the schedules 
quoted rates in terms of 100-cu.ft. units, 
with an average spread of 13¢ between 
the top and bottom block. The other 
nine quoted rates for each 1,000 gal. of 
water sold, with an average spread of 
21lé¢ per 1,000 gal. 

Demand charges for a 8-in. meter 
ranged from 50¢ to $4.25 a quarter, 
with an average of $2.25. The average 
amount of water included with the 
minimum bill was approximately 6,250 
gal., or 830 cu.ft. each quarter. 

When a schedule of output charges 
is to be designed, the average output 
cost per unit of water sold may be 
used as a tentative rate for a middle 
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block in the schedule. The range from 
top to bottom may be found by location 
of the bottom of the schedule at the 
point where price per unit of sales 
equals added pumping costs plus a small 
margin. Doubling the spread from the 
lowest unit cost to the average cost 
per unit gives an indicated rate schedule 
range. Arranging the blocks so that 
revenues will equal cost is a trial-and- 
error process. 

The need for more than one schedule 
of general service rates to differentiate 
between classes of customers has been 
minimized by the effect of a two-part 
schedule with service charges propor- 
tional to demand and graduated output 
schedules. 


Multiple Connections 


The practice of including an addi- 
tional demand charge when more than 
one unit of service is connected through 
one meter has increased in popularity. 
Although the basis for such a charge 
may be found in the theory of making 
rates commensurate with what the 
traffic will bear, a valid defense of the 
practice is provided by the fact that 
demand charges are based on the theo- 
retical rate of flow, which is not neces- 
sarily the maximum. It appears that 
instantaneous demand would be greater 
in an apartment house than in a single- 
family residence, even if the meter size 
were identical for the two. A problem 
may result when the additional-unit 
charge is applied to an apartment house 
or office building with a comparatively 
large meter if the rate schedule is so de- 
signed that the demand charge ap- 
proximates the assignable demand 
costs. One utility recently met the 
problem by filing the following rule: 

A charge of 75¢ will be applied for 
each additional unit of service on a §-in. 
and j-in. meter. Where a larger-size 


GENERAL-SERVICE RATES 331 


service and meter have been installed 
(for domestic and small commercial use 
only), the following table will apply, in- 
dicating the number of additional units 
permissible before the charge for addi- 
tional units will be applied: 1-in. meter, 
two additional units; 1}j-in. meter, three 
additional units; 1}-in. meter, five addi- 
tional units; 2-in. meter, nine additional 
units; over 2 in., no additional charge for 
additional units. 


Other Problems 


A number of other difficulties often 
encountered in designing a water rate 
schedule are considered mfnor only be- 
cause the revenues involved are small. 
Utilities frequently desire to charge a 
higher rate for suburban or rural serv- 
ice. The usual practice is to establish 
rates for such service by adding a fixed 
percentage (usually 25 per cent) to 
the service bill computed at the urban 
rate schedule. Water utilities often 
operate at less than the maximum al- 
lowable return as a matter of choice, in 
order to serve the citizens of the mu- 
nicipality that owns the system at the 
lowest possible rates. Usually there is 
no philanthropic inclination to extend 
the benefits to residents of a neighbor- 
ing political unit, particularly where 
the neighbors are potential additions to 
the municipality. 

A second reason for the higher 
charge is found in the usual lack of fire 
protection service revenues from neigh- 
boring rural areas, which means that 
general-service customers are deprived 
of the benefits of joint costs. An argu- 
ment is sometimes advanced that 
greater distances from the center of 
the system should result in the assign- 
ment of higher unit costs. 

Rates for service to the municipality 
are sometimes preferential, because, 
particularly in smaller communities, the 
time and place of municipal use may be 
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controlled to avoid peak demand pe- 
riods. Frequently such service is fur- 
nished at or near the bottom step of the 
general-service output schedule. 

Proper rates for seasonal service 
sometimes present a problem. The 
rate should vary with the design of the 
general-service rate schedule. A guid- 
ing principle would be that the custo- 
mer should pay a year-round demand 
charge, particularly where the use is 
during the peak summer months. 

Rates for building and construction 
and occasional use of service are varied. 
Where pracficable, such service should 
be metered and metered-service rates 
applied. If metering is impracticable, 
such service may be covered in the rate 
schedule by a minimum permit charge. 
A third method of billing for building 
and construction work is to estimate 
the consumption of water on the basis 
of the size and type of construction. 

Rates for unmetered private fire pro- 
tection service have been the subject of 
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much controversy. An examination of 
rates on file with the commission dis- 
closes that such rates vary from 100 to 
12.5 per cent of the service charge ap- 
plicable to metered service. It is some- 
times argued that the existence of pri- 
vate fire protection service benefits the 
municipality as well as the customer. 
The argument may be well founded, but 
the reduction in the cost of furnishing 
public fire protection service would be 
limited to the possibility of a lower out- 
put cost, which is a comparatively in- 
significant part of the total cost. On 
the other hand, the customer benefits 
directly through a reduction in fire in- 
surance premiums, which is a measure 
of the value of the service to him. 
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Fire Protection Service Charges 
By Preston A. Reynolds and George K. Hood 


A paper presented on Oct. 13, 1949, at the Wisconsin Section Meeting, 
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and George K. Hood, C.P.A.; both of George K. Hood, Madison, Wis. 


HE term “fire protection service” 

designates the service which the 
water utility furnishes a community by 
having a reliable source of water sup- 
ply, pumping equipment, storage facili- 
ties, and transmission and distribution 
mains and hydrants. This service 
should be adequate to supply the fire- 
fighting apparatus of the city, village 
or town with all the water it requires 


at any time and under conditions of 


peak demand by the general-service 
customers. 

Most cities have provided, and are 
now maintaining at great expense, first- 
class fire departments and thoroughly 
equipped fire stations in many wards. 
To make a fire department effective, it 
needs, in addition to its equipment, an 
ample supply of water available at all 
times with adequate pressure for that 
equipment. Since the fire protection 
service is worthless if the water supply 
fails, the value of the service cannot be 
measured by the amount of water used 
or by comparing the service to that 
furnished large industrial users, as has 
sometimes been attempted. Neverthe- 
less, because of misinformation or faulty 
reasoning, many aldermen and city 
officials consider that adequate charges 
for this service are exorbitant. 

Fire protection service is not merely 
of individual benefit but is enjoyed in 
common by the citizens in general. In 
most of the arguments arising on this 
subject, the attempt is made by critics 


to split hairs between the “use” of the 
service and the “consumption of water.” 

A very irregular and ordinarily very 
infrequent use of water for fire protec- 
tion service exists in most communities, 
whether they are small or large. When 
such use is necessary, however, the 
quantities of water required per min- 
ute are at times very large, and the 
service is of extreme importance. 

The opinion of many officials seems 
to be that practically the same water 
system which now exists in their com- 
munity would be required if no fire pro- 
tection service were rendered at all. 
Conversely, however, if no general 
service were rendered, a water system 
practically identical with the existing 
system would be required for fire pro- 
tection. It follows, therefore, on any 
fair basis of comparison, that when the 
two systems are combined some portion 
of the value of the water system other 
than the investment in hydrants is al- 
locable to fire protection service. By 
combining the two systems in one, a 
decided economy is secured in the 
amount ef the investment required, but 
for all of this saving to benefit one 
class of service alone would be dis- 
criminatory. 

It appears clear that the public fire 
hydrants have no value for fire protec- 
tion service unless they are connected 
to the distribution system, The latter 
is of no use unless it is filled with water 
and the pressure is maintained either by 
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elevated storage tanks or reservoirs or 
by pumping equipment. It seems rea- 
sonable and equitable, therefore, to al- 
locate to public fire protection service 
on some definite substantial 
portion of the fixed capital. Readiness 
to supply water under adequate pres- 
sure 1s a more important feature in this 
service than the actual amount of water 
used, The consensus of those who have 
studied this matter extensively seems 
to be that the charge for fire protection 
service is properly of the nature of a 
demand or capacity charge—that is, a 
charge for readiness and ability to 
serve—and has no particular relation- 
ship to the amount of water actually 
consumed for the purpose. 

The charge for fire protection serv- 
ice is often referred to as a “hydrant 
rental.” This term is misleading be- 
cause the hydrant is only the opening 
through which water is taken if a fire 
occurs. It is obvious that the hydrants 
do not comprise all of the equipment 
and facilities of the water utility used 
and useful in fighting fires. On this 
“hydrant rental” basis, public fire pro- 
tection costs consist only of the ex- 
pense remaining after assigning to gen- 
eral service all the operating and fixed 
charges on pumping facilities and trans- 
mission and distribution mains, some 
of which, at least, are jointly used for 
both general and fire protection service. 

Several factors prevalent in Wiscon- 
sin have made it imperative to estab- 
lish reasonable and equitable fire pro- 
tection service charges. Among these 
are: state regulation of rates and serv- 
ice for all classes of water utilities, both 
private and municipal; and statutory 


basis a 


provision prohibiting free service and 
discrimination, 

During the 40 years that the Wis- 
consin Public Utilities’ Law has been 


effective, considerable has 


been made in devising a procedure for 


pre gress 
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breaking down the cost of operating a 
water utility to assign an equitable part 
thereof to fire protection service. The 
various steps comprise : 

1. A determination of the maximum 
demands which each major class of 
service makes on the utility. 

2. A separation or breakdown of 
the water works property, used and use- 
ful, which can be said to have been built 
or installed for the purpose of being 
able to supply water at any time for 
fire protection service. 

3. A determination of a rate base. 

4. An estimate of the water used in 
fighting fires (usually a very small pro- 
portion of the total pumpage) plus the 
proportion of the lost and unaccounted- 
for water which is due to holding water 
in the system under pressure to make it 
available for fire protection. 

5. A determination of normal utility 
operating expenses. 

6. An apportionment of the direct 
normal operating expenses, plus al- 
lowances for fixed charges, such as de- 
preciation, taxes and return on the rate 
base, among the major classes of serv- 
ice supplied, including fire protection 
service. 

These six steps will be discussed in 
numerical order. 


Determining Maximum Demand 


The rate analyst has several sources 
from which to determine the fire de- 
mands: [{1| data from the National 
Board of Fire Underwriters; [2] data 
from the Fire Insurance Rating Bu- 
reau; and [3] curves such as those de- 
veloped by Freeman and by others in 
the field. Data for the larger cities are 
available from the fire underwriters, 
while considerable information on the 
smaller water utilities may be found 
in the rating bureau files. 

The general-service demand can be 
ascertained from hourly and daily sta- 
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tion records, consideration of relative 
storage capacities and monthly and 
quarterly customer consumption data. 

It is generally conceded that the ca- 
pacity of a water system should be 
nearly, if not fully, sufficient to meet the 
combined maximum demands of both 
fire protection and general service. 

To illustrate the mechanics of a cost 
allocation to determine fire protection 
service for communities of various sizes 
three examples will be given: a large 
city with many complications, a me- 
dium-size city and a small city. 

A city with a population of 600,000 
has an indicated demand, according to 
a National Board of Fire Underwriters 
report, of 12,000 gpm. for the first fire 
with an additional 8,000 gpm. for a 
second fire. The fire service pump re- 
quirements were determined for the 
low- and high-level service supplied 
by the utility : 


Low service—12,000 gpm. required, 
equivalent to 17.28 mil.gal. on 24-hour 
basis ; total pump capacity, 103 mil.gal. ; 
ratio, 16.8 per cent; no reserve ca- 
pacity, on account of special main sys- 
tem and special fire pump equipment. 

High service—12,000 gpm. required, 
equivalent to 17.28 mil.gal. ; to provide 
reserve, two pumps, each of preceding 
capacity, are assumed, so that total re- 
quirement is 34.56 mil.gal.; total pump 
capacity, 207 mil.gal.; ratio, 16.7 per 
cent. 

In connection with the above, the 
formulas for Freeman’s curves are: 


P 


Max. S = = + 10 


1.7 VP + 0.03 P 


Min. S 


in which S is the number of fire streams 
and P is the population in 1,000’s. 

A city with this population should 
have available a maximum of 130 fire 
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streams and a minimum of 60, based 
on the formulas for Freeman’s curves. 
At 200 gpm., these are equivalent to 
demands of 26,000 and 12,000 gpm., 
respectively. It may be noted that Wa- 
ter Works Practice (1) concludes that 
12,000 gpm. should be available in cities 
of 200,000 population and over, with 
2,000-8,000 gpm. available for a sec- 
ond fire. In the city under considera- 
tion, the fire demand will vary from 
6.63 to about 10.6 per cent of the total 
demand. 

A large city invariably maintains a 
great many portable pumpers. In the 
city used in this illustration, such equip- 
ment has an aggregate rated pumping 
capacity of 26,500 gpm. This appara- 
tus pumps only from hydrants on the 
water department’s mains. 

An examination of the pumpage 
and consumption records will disclose 
the maximum hourly total, which, in 
this analysis, was equivalent to 243,- 
688,000 gpd., or 169,000 gpm. To this 
figure is added an estimated fire pro- 
tection service demand of 20,000 gpm., 
in order to apportion the total capacity 
or demand costs: 


Demand gpm. per cent 
169,000 89.4 
20,000 10.6 


189,000 100.0 


General service 
Fire protection 


Total 


It is not necessary at this time to dis- 
cuss such facts as that the peak hour 
for residential users will not coincide 
with that for commercial and industrial 
customers. Only the 10.6 per cent of 
the demand costs allocable to fire pro- 
tection service is of concern here. 

In a community of about 90,000 pop- 
ulation, consisting of a city and three 
adjacent villages and certain suburban 
territory, the maximum demand was 
11,000 gpm., or 15,848,000 gpd. The 
peak rate occurred on July 9, 1948, be- 
tween 6:45 and 7:00 p.m., and was 
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equivalent to a rate of 32,152,000 gpd. 
The demand for fire protection service 
represented 33 per cent of the total. 

In a city of 1,500 population, the 
sureau 
available 


Fire Insurance Rating tests 
showed that the maximum 
flow for fire protection service was 960 
gpm. in the mercantile district and 620 
in the residential. (General service ran 
about 548 gpm., on the average. The 
fire protection ratio used was 50 per 
cent, or slightly under that indicated 
by actual tests made 

These examples emphasize the fact 
that, as a general rule, the demand per- 
centages for fire protection increase as 
the population decreases. 


Pixed-Capital Allocation 


It seems improbable that unanimous 
agreement can be reached on the alloca- 
tion of items of water works property 
to fire protection Conse- 
quently, a determination must be ar- 
rived at by careful study and the ex- 
ercise of judgment as to what is fair. 

A detailed apportionment for a wa- 
ter system with a reported book cost 
of $27,946,000 is presented here with 
interested 


sery ice. 


the bases used, for those 
Land and buildings. The value of 
land and buildings might be apportioned 
on the basis of the estimated required 
capacities of pumps and equipment 
which govern the size of the buildings 
and hence the area of the land on which 
they stand—allocable to each class 
The first allocation might be between 
high-level and low-level service. In 
the example cited, 16.8 per cent is 
charged to fire in the low-level portion 
and 12.7 per cent in the high-level area. 
Source of supply. Fixed costs for 
the source of supply were first appor- 
tioned between high and low service, 
on a peak demand basis: low-service 
fire protection, 21.7 per cent; high- 
service fire protection, 3.6 per cent 
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suburban and 5.7 per cent urban. 
There being two pumping stations, the 
cost was apportioned between low and 
high service on the basis of the capacity 
of the pumps available for each service 
—30 per cent to low and 70 to high. 
Of the low-service portion, 16.8 per 
cent was charged to fire protection. 
The fire protection percentage of the 
high-service portion was 12.7, 3 per 
cent suburban and 9.7 per cent urban. 

The cost of purification buildings and 
fixtures was assigned entirely to general 
service, although there was some argu- 
ment that part of the storage capacity 
of the installation was useful for fire 
purposes. The cost of reservoirs, after 
being divided between high and low 
service, was further allocated in accord- 
ance with the demand percentages pre- 
viously developed, 

Boiler plant and power pumping 
equipment. Boiler plant and steam 
power pumping equipment costs were 
first divided between high- and low- 
level service, and then split on an as- 
signed pump capacity basis. The cost 
of electric-power pumping equipment, 
used for high service only, was divided 
between the classes of service in this 
area, also on a pump capacity basis. 

Vains. The cost of mains should 
have been apportioned between the 
high- and low-service areas, but there 
were no accurate data showing this 
division. As mains from 4 to 16 in. 
were tapped for general service, their 
footage, totaling 4,633,000, was used 
to assign $7,320,000 to urban general 
service. (The cost per foot was the 
minimum reported for the previous 
seventeen years, $1.58.) The balance 
of $9,300,000 was apportioned between 
general and fire service on a peak de- 
mand basis, 10.3 per cent being allo- 
cated to urban and 2.6 per cent to sub- 
urban fire protection. The hydrant cost 
was allocated entirely to urban fire pro- 
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tection service. Of the total historical 
cost as broken down, 10.78 per cent 
was allocated to urban fire protection 
service and 1.66 per cent to suburban. 

In the medium-size city of 90,000 
population, the use of a fire demand 
ratio of 33 per cent in apportioning the 
fixed capital (along with other factors, 
of course) resulted in a final property 
allocation of 27.8 per cent to fire pro- 
tection. This percentage was used in 
allocating the fixed charges. 

The total property, except for distri- 
bution mains, hydrants and purification 
equipment, as listed in the filed annual 
reports, was apportioned on the basis 
of the demands of the two major serv- 
ice classes. Costs of purification, serv- 
ices, meters and the like were allocated 
entirely to general service, whereas all 
hydrant costs were charged to fire. 

In dealing with the distribution main 
costs, part of the hydrant cost which 
had been included therein was first re- 
moved. The original cost of about 234,- 
000 ft. of 3-in. and 4-in. mains was al- 
located to general service. The rest of 
the main cost was split between feeder 
mains (40 per cent) and urban or local 
mains (60 per cent). The 40 per cent 
of feeder main cost was further sub- 
divided—30 per cent, or slightly under 
the fire demand percentage, to metro- 
politan fire protection and 70 per cent 
to general service. The urban and local 
main cost (60 per cent) was divided 
30:70 between urban fire protection 
and general service. 

The amount assigned to metropolitan 
fire protection service was again broken 
down by allocating 93.75 per cent to 
urban fire service and 6.25 to suburban, 
the latter amount being spread among 
the villages and towns on a population 
basis in the absence of demand data. 
The suburban portion of the hydrant 
cost came to 5.7 per cent, based on the 
ratio of the cost of hydrants located out- 


side the city to the total in the account. 
The suburban portion was broken down 
further on the basis of the number of 
hydrants owned by the city outside its 
corporate limits and the number jointly 
used. 

These rather tedious details have 
been noted in order to show some of 
the complications which must be con- 
sidered by the larger communities in ar- 
riving at an indication of reasonable 
percentages for allocating fixed charges 
(depreciation, taxes and return) to fire 
protection. 

For the small city of 1,500 popula- 
tion, the use of the demand percentage 
previously noted, along with other fac- 
tors, resulted in an overall allocation of 
43.5 per cent of fixed capital to fire pro- 
tection. This percentage was used in 
allocating the fixed charges. 

In many Wisconsin communities, the 
cost of mains up to 6 in. are included in 
the assessment of the abutting property, 
and mains and hydrants are often in- 
stalled on streets containing vacant 
property. It is believed that the method 
of estimating fire protection costs effects 
a more equitable adjustment of the in- 
terests of water users and taxpayers, 
as the citizen-owners of the municipal 
water utility should not be required to 
pay in their annual taxes a return or a 
tax charge on their own property. 

All reported customer contributions 
have been excluded from the rate base 
for determining the return component 
of costs, as will be discussed later. It 
has been contended, however, that sub- 
urban customers who paid no main as- 
sessments were not entitled to any bene- 
fit from reduced interest charges on ac- 
count of customer contributions. 

In one rate case, the city officials ar- 
gued that, because the special water 
main assessments exceeded the value of 
property assignable to fire protection 
service, this class of service should be 
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exempted from carrying any of the re- 
turn. The regulatory commission failed 
to see any reasonableness in reducing 
the investment assignable to fire pro- 
tection service merely because the 
amount contributed by abutting prop- 
erty owners and acquired through an- 
nexation without compensation hap- 
pened to exceed the water works prop- 
erty value apportioned to this class of 
service. But in view of the fact that 
abutting property in the city had pos- 
sibly paid for a part of the hydrant in- 
stallation cost to the extent of a charge 
of about 28¢ per foot of main laid, the 
value of the property assigned to fire 
protection service was reduced by an 
amount equivalent to 13 per cent of the 
contributions for extensions. At the 
time this cost study was being made, it 
was reported that 24.7 per cent of the 
total assessed front footage of property 
in the city was vacant. The 87 per cent 
assigned to general service was there- 
fore reallocated by charging 24.7 per 
cent to the vacant property. The re- 
sulting amount was added to the figure 
previously apportioned to fire protec- 
tion service since the charge for the 
latter to the city presumably is paid 
from the general revenue of the city, 
the greater proportion of which is 
raised through taxes on real estate. 

In the community with 90,000 popu- 
lation, contributions consisting of about 
23 per cent of the total fixed capital 
of $3,411,000 came from assessments 
for mains, service contributions and 
a federal grant. All service contribu- 
tions were allocated to general service. 
Main assessments were split on the 
basis of the total fixed-capital division, 
25 per cent going to fire protection. 
Of the federal grant, 30 per cent went 
to fire and was then reallocated on the 
basis of total fixed capital assigned to 
urban fire protection, 94.8 per cent, and 
to suburban fire protection, 5.2 per cent. 
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Several apportionments made in this 
instance were the result of various sug- 
gestions by interested parties. In the 
final analyses, the total fixed capital as- 
signed to fire protection service was be- 
tween 25 and 28.4 per cent, the differ- 
ence being due principally to the han- 
dling of contributions. In the small 
community, there were no contributions 
in aid of construction to be considered. 


Rate Base Determination 


The general practice followed in Wis- 
consin for most recent cost studies has 
been to start with the reported book 
value and add to it allowances for ma- 
terials and supplies and working capi- 
tal. From the total thus obtained is de- 
ducted the sum of the depreciation re- 
serve and the contributions in aid of 
construction. (The latter, as previ- 
ously noted, normally consists of spe- 
cial assessments for main construction. ) 
The resulting figure is the rate base. 

For a very large utility, supplying 
high-level and low-level service, with 
urban general and fire protection serv- 
ice in these districts as well as in cer- 
tain suburban areas, the computations 
made to determine the rate base may be 
summarized as follows: 


Total book cost ..... $27,946,000 
Deduct: 
Estimated accrued 
depreciation .... 
Contributions and 
special assess- 


ments 4,824,000 7,920,000 


$3,096,000 


Add: Working capi- 
tal and materials 


21,026,000 


Water Used in Fires 

The water actually used in fighting 
fires is a very small percentage of the 
total pumpage. Usually from 3 to 5 


; 2 


April 1950 


per cent will cover the amount of wa- 
ter output expense chargeable to fire 
protection service. 


Normal Operating Expense 


As rates cannot be increased in Wis- 
consin without a formal investigation 
and order of the public service com- 
mission, to arrive at the cost of fire 
protection service normal operations 
must be considered. As a general rule, 
fire protection service rates are not 
fixed for one or two years, but for an 
indefinite period. The cost curve for 
all classes of service should show a more 
or less uniform upward trend as busi- 
ness normally increases and should not 
be fluctuating and erratic. All abnor- 
mal and unusual charges to operations, 
therefore, are usually smoothed out in 
arriving at basic data upon which to 
base charges for fire protection service. 

The allocating and apportioning of 
the total cost of service fairly among 
the several classes of service inevitably 
has involved making certain assump- 
tions which appear reasonable in the 
light of all the evidence. These detailed 
cost apportionments are guides to judg- 
ment and have been recognized as use- 
ful and necessary in reaching final con- 
clusions. 

The operating expenses are divided 
into demand, capacity or “ready-to- 
serve” costs, which depend upon the 
rate of use of water; variable or output 
costs, which depend upon the volume 
of water taken; and consumer costs, 
which depend on the number of cus- 
tomers connected and are independent 
of the amount of water used. 

The demand or capacity expenses are 
allocated to fire protection service on 
the basis of proportionate demand. In 
the city of 90,000, 33 per cent fell to this 
class, while, in the larger city, 10.3 per 
cent went to urban fire protection and 
2.6 to suburban. 
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Of the variable or output expenses, 
only from 3 to 5 per cent are chargeable 
to fire protection service. These are 
arbitrary figures intended to cover not 
only the output cost of the actual small 
quantity of water used in fighting fires 
but some additional out-of-pocket vari- 
able expenses incurred in getting water 
into the mains and holding these mains 
full under pressure. There is a con- 
stant loss of water through leaks in 
mains and hydrants and their branches 
that must be charged to each class of 
service. 

No consumer expenses are allocated 
to fire protection service but such direct 
costs as maintenance of hydrants are. 

The cost of operating the water util- 
ity also includes an allowance for de- 
preciation, a tax equivalent and a profit 
component. The annual charge to op- 
eration for depreciation is usually based 
upon rates certified by the public serv- 
ice commission for the larger utilities 
and depends upon the estimated lives 
of various units. The composite rate 
used in cost studies has varied from 
1.01 to over 1.5 per cent for small utili- 
ties. 

The tax equivalent is normally ar- 
rived at by applying the local and school 
tax rates to a value based on the ratio 
of assessed to true value of comparable 
property. This ratio has varied from 
about 52 to 90 per cent of the book cost. 

The allowable maximum return com- 
ponent has been 5.5 per cent of the 
rate base, but the city, as nominal owner 
of the municipal utility, has sometimes 
requested a much lower return, particu- 
larly on that portion of the fixed capi- 
tal assigned to fire protection service. 

When the allocation of costs is com- 
pleted, a basic annual charge for fire 
protection service results, made up of 
standby costs and fixed charges de- 
pending directly on the required in- 
vestment in plant and facilities neces- 
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sary to supply the service. Only a very 
small sum is included for variable (out- 
put ) The per capita fire 
protection cost has ranged from less 
than $1.00 to more than $4.00, the vari- 
ation being due principally to the 
amount of return component included 


Cost per Hydrant 

Many appear to believe that the cost 
assigned to fire protection 
should be divided by the number of 
hydrants in use, to get a cost per hy- 
drant. Such a computation could re- 
sult in a charge of $40 to $100 or more 
If, however, an additional 


expenses 


sery ice 


per hydrant. 
block, or even several blocks, of mains 
are laid and hydrants installed, to add 
$40 for each hydrant placed might be 
\n example will illustrate 


excessive 
this point 
At the time the rate study was in 
progress in the large city previously 
mentioned, a 6-in, main cost $1.76 per 
With 6.63 per cent of the 
in mains allocable to fire 


foot to lay 
investment 
protection service, plus an allowance 
of approximately 8.3 per cent for taxes, 
depreciation and return, the fixed 
charges per lineal foot of 6-in. main 
laid would approximate 1l¢é. Hydrants 
with pumper connections cost, in place 
(including the stub), about $200, and, 
with the same &.3 per cent for fixed 
an additional 
charge of hydrant 
placed. The laying of 1,200 ft. of main 
and the placing of three hydrants on 
this basis would add a $12.00 addi- 
footage and 


charges, there would he 


$16.60 for each 


tional charge on main 


$49.80 for hydrants. 


Other Considerations 


It should be noted that the addition of 


new pumps, sources of supply, ele- 
vated storage and other facilities might 


so affect the portion of fixed capital al- 
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locable to fire protection service as to 
necessitate reanalyzing the costs. 

In some of the small communities, 
6-in. mains now cost as much as $3.00 
per foot in place. With 50 per cent of 
this cost assigned to fire protection 
service, or $1.50 per foot, the annual 
carrying charges for depreciation, tax 
equivalent and profit component alone 
will equal about 12.4¢ per lineal foot 
(depreciation, 0.67 per cent; taxes, 
2.3; return, The addition of 
some maintenance costs to the above 
or 


5.5). 


figures results in charges of 
more per lineal foot. 

It is often argued that the views of 
the “management” of a utility may be 
entitled to some consideration in fix- 
ing the charge to be made for fire 
Too often, how- 
ever, the management is influenced by 


protection service. 


the pressure from city officials to hold 
the annual charge for fire protection 
service down irrespective of any cost 
indication. Some officials have arbi- 
trarily, unfairly and unreasonably in- 
sisted on their judgment being accepted, 
when there was no detailed evidence 
presented to back up their very low 
estimate of the value of the service. 

It is believed the bases developed and 
foliowed by the regulatory commission 
in determining rates have helped ma- 
terially in putting municipally owned 
utilities on a sound operating basis 
whereby each one charges for all the 
service rendered. The attempt is be- 
ing made to have water utilities operate 
on a business basis, but utilities cannot 
do so unless reasonable and equitable 
rates are established for each class of 
service. 


Reference 

1. Manual of Water Works Practice. Is- 
sued by Am. Water Works Assn. Wil- 
liams & Wilkins Co., Baltimore, Md., 
p. 591 (1925). 
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Water Supply for Fire Protection in Growing 
Municipalities 


By Kenneth J. Carl 


A paper presented on Oct. 25, 1949, at the Virginia Section Meeting, 


Roanoke, Va., by Kenneth J. 
Underwriters, New York. 


HE first step in providing an ade- 
quate fire protection supply is to 
determine the fire flow requirements in 
the district considered. These depend 
upon the construction, type, size, spac- 
ing and arrangement of the buildings 
which may become involved in a fire. 
When considered from the standpoint 
of municipal protection, fire flow is 
generally understood to be the rate of 
flow required for delivering water from 
the distribution system to the fire de- 
partment pumpers. The residual pres- 
sure regarded as satisfactory for such 
delivery is 20 psi., and that figure will 
he assumed whenever fire flow is men- 
tioned hereafter. 
in the average built-up residential 
area, consisting of two-story one-family 
residences of moderate size which have 
noncombustible roof coverings and are 
spaced approximately 15 ft. apart, 
1,500-2,000 gpm. would be required. 
If the buildings are only one story high, 
the required rate can be reduced to 
1,000 gpm. In areas where only a por- 
tion of the lots are built upon, these 
rates may be reduced to 1,000 and 500 
gpm., respectively, if the buildings are 
more than 30 ft. apart. When the ar- 
rangement and character of the blocks 
is such that additional dwellings can be 
erected upon the intervening lots, how- 
ever, it is better practice to provide for 
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the higher rates. In districts where 
the residences are larger and 24-3 sto- 
ries high, up to 3,000 gpm. may be nec- 
essary. 

In apartment house areas, there is 
considerable variation in the rates which 
may be necessary. In the modern type 
of garden apartment development, with 
buildings usually two stories in height, 
2,000-2,500 gpm. would be required. 
In the usual type of apartment house 
district, with buildings varying from 
three to five stories, the required rates 
range from 3,000 to 6,000 gpm. 

Typicai minor mercantile areas of 
attached one- and two-story buildings 
generally require 2,500-3,000 gpm. 
In newly developed areas, the mercan- 
tile buildings are usually only one story 
high, which often may permit a reduc- 
tion in required fire flow to 2,000 gpm. 
In many such districts, however, there 
are one or two stores of exceptionally 
large area which would require greater 
quantities of water. In order to fight 
a fire in some modern supermarkets ef- 
fectively, taking into consideration the 
large amounts of material usually stored 
in the basement or in areas not ac- 
cessible to the public, rates as high as 
3,500 gpm. might be needed. 

The requirements for industrial areas 
are subject to such great variation that 
a general discussion of them is most 
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difficult. Such areas can vary from a 
few small, scattered plants to a heavily 
congested mill district or a large single 
plant covering many acres. Require- 
ments can be as high as 10,000 gpm. 
There has been a tendency in recent 
years to locate new plants in the outly- 
ing districts of municipalities and some- 
times beyond the city limits. In most 
such instances, the municipal water sup- 
ply available for fire protection has been 
found to be inadequate. Frequently an 
individual plant will be provided with 
a private fire protection 
equipped with hydrants available for 
fire department use. Where such pro- 
tection is furnished and is well main 
tained, the water available from private 
systems may be entirely sufficient for 
the individual plant or may reduce con- 
siderably the fire flow which must be 
provided from the municipal system 

One method, described by A. C. Hut- 
son (1), for estimating the fire flow 
requirement for an individual industrial 
building takes into account the area, 
height, exposure, construction and con- 
tents of the building; the extent of pri- 
vate protection in the form of automatic 
sprinklers, standpipes, automatic fire- 
detecting systems and special protective 
equipment for hazardous processes; 
and the size of the fire department. 
This method gives reasonable results 
for individual structures, and, in areas 


system 


or plants consisting of numerous build- 


ings, the figures obtained for each of 
the more important ones, when con- 
sidered together with the general ar- 
rangement, should make possible a 
reasonable estimate of the fire flow. 

The preceding statements on fire flow 
requirements are general and apply 
to average communities. Therefore, 
they should be considered not as hard 
and fast rules, but rather as guides in 
determining the fire flow necessary in 
any given area. The water supply 
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engineer can frequently obtain helpful 
information on fire flow requirements 
from the chief of the fire department. 
He is responsible for the use of the 
water available on the fire grounds and 
should be in a position to offer some 
sound, practical advice. 

New areas to be supplied fall into 
two general classifications : those which 
can be fed directly from the existing 
service or services and those which re- 
quire additional pumping. If the area 
has the same range of elevations as the 
existing distribution system, it will be 
necessary only to extend mains of 
proper size into it and sometimes to 
provide storage within or near the area. 
In making such extensions, a definite 
plan should be laid out after an analysis 
of the growth that is likely to take place 
in the area under consideration. The 
preliminary studies should include a 
flow test or series of tests on the exist- 
ing mains which will feed the new lines 
to be laid. Such tests will indicate 
whether or not the existing mains can 
supply the domestic and fire require- 
ments for the new area and will also 
provide a portion of the data necessary 
to determine the sizes of the principal 
lines to be laid in the new area. 


Sample Calculations 


As an illustration, assume that a new, 
500-home residential district with an 
area of 100 acres is to be developed; 
that the maximum fire flow required 
will be 1,500 gpm.; and that the area 
is beyond the existing distribution sys- 
tem but at approximately the same ele- 
vation. With consumption at the maxi- 
mum daily rate, the results of a flow test 
on the distribution system in the vicin- 
ity of the point from which the new 
area will be supplied indicate that, for 
a discharge of 1,100 gpm., the pressure 
dropped from 59 to 49 psi. Assuming 
a maximum daily consumption rate of 
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200 gpm. for the new area, a total of 
1,700 gpm. (the maximum daily con- 
sumption rate of 200 gpm. plus a fire 
flow of 1,500 gpm.) must be delivered. 
In order to determine the residual 
pressure at which 1,700 gpm. can be de- 
livered at the point where the test was 
conducted, use is made of the fact that, 
for flow in pipes, the drop in pressure 
varies approximately as the square of 
the discharge. Expressed in symbols: 
P, + P, = Q,? + Q,?, in which Q, rep- 
resents the discharge in gallons per 
minute, P?, is the drop in pressure dur- 
ing the test, Q, is the desired discharge 
and P, is the drop in pressure neces- 
sary to produce it. Substituting in the 
example under discussion and solving 
for P,: P, = 10 X (1,700)* + (1,100)? 
= 24 psi. This result indicates that, 
with 1,700 gpm. flowing, the pressure 
at the proposed point of takeoff would 
drop from 59 to 35 psi. Since, for 
satisfactory supply to fire department 
pumpers, the fire flow should be avail- 
able at 20 psi., the friction loss in the 
mains of the new area cannot exceed 
15 psi. (35 minus 20) for a delivery of 
1,700 gpm. to any point in the area. 
This requirement will determine the 
minimum sizes of the mains in the new 
section. 

The actual choice of the mains to 
feed the area depends upon a number 
of features which may vary consider- 
ably, but, to continue the illustration, 
assume that a single main extends from 
the existing system for 500 it. and then 
feeds four mains which branch out and 
extend through the area approximately 
2,500 ft. as parallel, interconnected 
lines. It will be found that these condi- 
tions could be satisfied by a 12-in. main 
extending 500 ft. and then supplying 
two 8-in. and two 6-in. mains, with 
interconnections in the cross streets 


about 800 ft. apart. The required 1,700 


gpm. could be delivered to the end of 
the district with a friction loss of 14.3 
psi., or 0.7 less than the allowable loss 
of 15 psi. Actually the 200-gpm. do- 
mestic consumption would not all have 
to be delivered to the end of the dis- 
trict, since most of it would be taken off 
en route, but its inclusion is on the side 
of safety, and an attempt to reduce it 
progressively would not result in any 
practical decrease in main size in this 
illustration. Where consumption is a 
larger factor in determining main sizes, 
as in a manufacturing area, such pro- 
gressive reductions should be made. 
Although the layout selected in the 
above illustration would provide ade- 
quate protection, it would not be re- 
liable, because a break in the single 12- 
in. line or any repair which required 
the line to be shut down would leave 
the area without water. This unreli- 
ability could be eliminated by extending 
another line from the existing distribu- 


tion system into the area or by provid- 
ing storage within it. Either of these 
installations would probably result in 
changes in the sizes and arrangement 
of mains originally considered. 


Storage 


Frequently a flow test on the existing 
distribution system will show that the 
quantity available is insufficient to pro- 
vide for consumption and fire flow in 
the new area. Such would be the situ- 
ation if the flow test in the preceding il- 
lustration had indicated a drop in pres- 
sure from 59 to 22 psi. for a flow of 800 
gpm. Under these circumstances, it 
would be necessary to strengthen the 
existing system by installing additional 
main capacity or by providing storage 
either in the general vicinity of the site 
at which the test was made or in the 
new area. Such storage should be con- 
nected to the system by a main not 
smaller than 12 in. 
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The installation of new 
areas, particularly if they are large, is 
an effective method of providing a sub- 
stantial portion of the required fire flow. 
The storage may be in elevated tanks or 
in ground reservoirs with pumps de- 
livering into the distribution system. 
Local conditions will usually determine 
Elevated 
being 


storage in 


which of these types to use 
storage has the advantage of 
available at the system pressure at all 
times, not being dependent upon pumps 
automatically. 
than 
requiring high towers in 


started manually or 
Where 
about 60 psi., 
a flat area, or where elevated storage 
tanks are not desired 
character of the neighborhood, ground 
pumps dis- 


pressures are greater 


because of the 


storage reservoirs with 
charging into the distribution system 
have proved satisfactory. In such in 
stallations, not less than two pumps, 
with a reliable electric power supply 
or standby engines, should be provided. 

If the new areas to be supplied are 
at a lower elevation than the existing 
distribution system, regulating valves 
on the lines to 


are frequently used 


the new area to prevent excessive 


When this 


a bypass should always 


pressures type of valve 
is installed, 
he provided and the vault in’ which 
the valve is located should have good 
drainage. Maintenance is important 
for the proper functioning of pressure 
reguiating valves. Municipal fire pro 
tection surveys often disclose regulat- 
ing valves which are not operating 
satisfactorily To assure proper oper 
ation at all times, these valves should 


be inspected weekly, a pressure reading 


being taken on the high and low sides, 
and tests should be made at regular in- 
tervals by opening one or two hydrants 
on the low side and observing the opera- 
tion of the valve. 

When the elevations in the new area 
are higher than can be satisfactorily 
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served by the existing distribution sys- 
tem, a separate service capable of sup- 
plying the area at suitable pressures 
must be provided. Practically all such 
high services are supplied by pumping 
from the existing system. Where stor- 
age in the form of a reservoir or large 
elevated tank is available on a low 
service, the best location for the high- 
service pumping station is at the stor- 
age site, so that a good suction supply 
will be assured. Such a location has, 
among others, two distinct advantages 
over a location where the suction sup- 
ply must be taken directly from the 
mains of the low service at a point re- 
mote from storage. In the first place, 
the effect of the operation of the high- 
service pumps on the pressures in the 
low service does not have to be con- 
sidered, since the suction supply will 
he from storage ; a break 
or accident requiring a shutdown on the 


and, second, 


low service will not cut off the suction 
supply for the high-service pumps. 
The latter consideration was recently 
brought to the attention of water supply 
engineers in connection with breaks in 
large mains in two cities. In each in- 
stance, the reduction in the supply to 
the low a break di- 
muinished pressures and supply in the 


serTy ice caused by 


vicinity of at least one high-service 
booster station to such an extent that 
the station was shut down. The serv- 
ices affected in these cities were, how- 
ever, provided with elevated storage, 
which was of great value, although 
eventually some areas were without 
water. 

Elevated storage should be provided 
on all high services supplied by pump- 
ing stations. From the fire protection 
standpoint, the storage can be used to 
furnish a portion of the required flow 
and it also offers a certain amount of re- 
liability, as it assures some supply in 
the event of a pump, power or suction 
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supply failure. From the operational 
standpoint, elevated storage enables 
more uniform pressures to be main- 
tained and more uniform pumping 
rates to be employed ; it also provides a 
cushion against surges. Storage ca- 
pacity depends upon local conditions, 
but, as a general rule, the minimum 
recommended for municipal use 1s 200,- 
000 gal. 


Booster Stations 


Although it has been previously 
pointed out that the best location for a 
high-service pumping station is near 
low-service storage, there are many 
areas which must be supplied by a 
booster station taking suction directly 
from the low-service mains. The first 
step in considering a high service sup- 
plied in this manner is to ascertain 
whether or not the low-service distribu- 
tion system can supply the station with- 
out serious reductions in pressure. 
This information can be obtained by 
making a flow test at or near the pro- 
posed booster station site and by de- 
termining, as indicated above, the resid- 
ual pressure at which the quantity to be 
supplied by the station can be delivered. 
The quantity required will be the fire 
flow plus the maximum daily consump- 
tion, less the amount which can be de- 
livered from the proposed elevated 
storage for the duration of a serious 
fire. If the results of the test indicate 
that the residual pressure, when de- 
livering the required quantity, is less 
than that which the city has established 
as the minimum for the low service, ad- 
ditional main capacity will be needed 
in the low service to supply the booster 
station. 

Because booster stations are usually 
required near the edge of the low-serv- 
ice distribution system, a strengthening 
of the latter is usually necessary. It 
can generally be accomplished by ex- 
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tending a main of sufficient capacity 
from one of the large arteries of the 
low service to the booster station. Re- 
cent fire protection surveys in several 
municipalities have revealed that little 
attention was given to the effect which 
booster stations would have upon pres- 
sures in the service from which the 
suction supply was to be taken. As a 
result, the pressures in the areas sur- 
rounding some of these stations are 
seriously affected whenever the booster 
station is operating. 

The pumping stations should be of 
noncombustible material and well sep- 
arated from other buildings. In some 
of the smaller stations, there will be 
separate pumps for domestic and fire 
use, since the two demands differ 
widely, but, in the larger stations, the 
pumps will be for either type of service. 
Sufficient pumps should be provided 
to deliver, in connection with the ele- 
vated storage provided, the maximum 
daily consumption rate plus the fire 
flow. In addition, a certain amount of 
reserve capacity should be installed. 

The degree of reliability of pumping 
capacity depends a great deal upon the 
size and importance of the station under 
consideration. For principal stations, 
sufficient reserve capacity should be 
provided so that the required delivery 
can be made with the two largest units 
out of service; in the smaller stations, 
the same requirement should be met 
with the largest unit out of service. 
The power supply must be reliably ar- 
ranged, or standby engines will be 
needed. Here again the importance 
of the station has a significant bearing 
on the degree of reliability required. 
For the larger stations, either duplicate 
power lines and appurtenances should 
be provided or sufficient standby en- 
gines installed so that the required de- 
livery will be available in the event of 
a power failure. In arranging suction 
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and discharge piping, care should be 
taken to see that a break in a main or 
the repair of a valve will have a mini- 
mum effect. 


Valves and Hydrants 


Adjoining services in a distribution 
system are usually separated by closed 
valves, the location of which should be 
carefully marked on department rec- 
ords. This procedure is important be- 
cause, in areas where the low service 
may be weak, an additional emergency 
supply can frequently be obtained from 
the high service by opening a valve at 
the service limit. Although the quan- 
tity available in this manner may not 
be large, it may be enough for several 
hose streams during a fire and can be- 
come an important factor in its control. 
In some cities where there is not too 
great a difference in elevation between 
the high and low service, check valves 
are used instead of closed gate valves 
on some or all mains extending between 
the services. This practice enables a 
small emergency supply at low pres- 
sure to be automatically delivered from 
the low service into the high service 
through the check valves when pres- 
sures are seriously reduced in the high 
service. When this arrangement is 
used, normally closed bypasses should 
be provided around the check valves to 
permit delivery from the high into 
the low service if necessary. 

Even though the distribution system 
and the supply works feeding it are well 
designed and of adequate capacity, un- 
less hydrants of proper type are avail- 
able in sufficient number, the fire de- 
partment will be handicapped in its 


operations. All hydrants should have 


at least two 24- and one 4}-in. outlet 
and should meet A.W.W.A. specifica- 
tions (2). 


The distribution of hydrants 
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depends upon the fire flow required 
and, therefore, upon the character of 
the district. In typical residential dis- 
tricts, a simple rule to follow is to in- 
stall a hydrant at each corner and an 
intermediate hydrant in blocks longer 
than 500 ft. For large apartment 
houses and in mercantile and industrial 
districts, additional hydrants are needed 
to deliver the greater fire flow required. 
Two, three or four hydrants at inter- 
sections and several at intermediate lo- 
cations will frequently be found in 
larger cities, the arrangement depend- 
ing a good deal on the size and shape 
of the blocks. All hydrants should be 
equipped with a gate valve in the branch 
connection, and sufficient valves should 
be installed on the distribution system 
so that the number of hydrants removed 
from service by a shutdown for re- 
pairs is held toa minimum. The valve 
spacing recommended by the National 
Soard of Fire Underwriters is a maxi- 
mum of 800 ft. in residential districts 
and 500 ft. in high-value districts. 
Each new area which develops within 
a city or is acquired by it presents novel 
problems to the engineer in charge of 
the water supply system. The problem 
of providing adequate fire protection 
must be treated on an individual basis 
and frequently taxes the ingenuity of 
the best water supply engineers. It is 
hoped that the general principles, sug- 
gestions and information presented in 
this paper will be of some value in lead- 
ing to practical solutions. 
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Direct-Reading Electric Analyzer for Pipeline 
Networks 


By Malcolm S. McIlroy 


A contribution to the Journal by Malcolm S. Mcllroy, Prof. of Elec. 
Eng., Cornell Univ., Ithaca, N.Y. 


TUDIES of flow and pressure dis- 

tributions in complex pipeline net- 
works have often been hindered by the 
tedious computations required in con- 
ducting them. The direct electrical- 
analogy method of pipeline network 
analysis described in this paper elimi- 
nates all calculations beyond a simple 
change of scale. The method may be 
used either to evaluate flows and head 
losses for all pipelines in a network or 
to determine, from a single measure- 
ment, the value of total head loss be- 
tween any two points in the network. 
Since the method is rapid and flexible, 
it permits comparisons of performance 
to be made easily among alternate 
plans proposed for extensions to or 
improvements in the pipeline network 
and its sources of supply. 

The advantages of the direct electri- 
cal-analogy method can be understood 
by comparing it with the two general 
procedures now used. One procedure 
is to compute the values of head losses 
and flow rates by trial and error, using 
either of two schemes. For large net- 
works, the relaxation method may be 
employed (1, 2), but the necessary re- 
petitive work often discourages its use. 
For small networks, the linear approxi- 
mation method (3) saves time com- 
pared with the relaxation method, but 
it also requires considerable calcula- 
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tion. The other general procedure is 
to evaluate the flows and head losses 
from readings of instruments connected 
to an electric circuit which simulates 
the pipeline network. In the methods 
of analysis now employing electric cir- 
cuits (4-6), ordinary linear resistors 
represent the pipelines. Since the linear 
volt-ampere characteristic of an ordi- 
nary resistor is very different from the 
nonlinear head loss—flow characteristic 
of a pipeline, the first settings of the lin- 
ear resistors give only preliminary val- 
ues of currents or voltages. These val- 
ues must be recorded for many or all 
resistors in the network, even though 
the purpose of the analysis may be sim- 
ply to determine one or two values of 
total head loss across several pipelines. 
To find the desired final values of 
flow rates or head losses requires 
either a subsequent trial-and-error 
procedure, or the computation of cor- 
rections applying to all pertinent pipe- 
lines. The work involved in recording 
the preliminary values and in com- 
puting corrections is a disadvantage of 
previous electrical-analogy methods of 
analysis. 

In contrast, the only readings taken 
in the direct electrical-analogy method, 
for an analysis to which the Hazen- 
Williams formula applies, are the final 
required values of flow rates and head 
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No intermediate trial values, 
computations of corrections or read- 
justments of resistors based on results 
of successive approximations are in- 
volved. Even if greater refinement, in 
accordance with Darcy’s law, is re- 
quired, only a few preliminary read- 
ings of flow rates need be made, and 
a few resistors replaced, before final 
readings are taken. 

In the direct electrical-analogy 
method, each pipeline is represented 
by a special nonlinear resistor, instead 
of a linear resistor as in previous meth- 
ods. Each nonlinear resistor consists 
of a tungsten filament mounted in an 
evacuated glass bulb. The voltage 
across this filament varies with the cur- 
rent through it as friction head loss 
varies with flow rate in the pipeline 
it represents. A set of these resistors 
is interconnected according to the plan 
of the pipeline network. Given condi- 
tions of fluid supply to and discharge 
from the network are then simulated 
by operating the electric circuit in such 
a manner that controllable electric 
quantities are proportional to the known 
hydraulic quantities which they rep- 


losses. 
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resent. When the circuit is in opera- 
tion, the brightness of the incandescent 
filaments of the resistors directs the 
attention of the person conducting the 
analysis to the pipelines which have the 
largest head losses. Values of head 
losses and flow rates are read directly 
from special scales mounted on electric 
instruments. Direct analyses of net- 
works of any degree of complexity and 
of almost any magnitude can be con- 
ducted, subject to a cumulative error 
in total head loss of the order of 3 per 
cent. 

Although the electrical-analogy 
method may be used in studying net- 
works containing various liquids or 
gases, this discussion is limited to its 
application in the field of water distribu- 
tion. The basic analogies are stated, 
and a pipeline network analyzer is de- 
scribed. Representation of the non- 
linear relation between head loss and 
flow in a pipeline by means of the spe- 
cial resistors is explained. The pro- 
cedure of an analysis is then illustrated 
by a practical example. Detailed re- 
sults of this analysis, showing a method 
of evaluating accuracy, are tabulated. 


General Principles 


Hydraulic and Electrical Analogies 


The direct electrical-analogy method 
of pipeline network analysis depends 
upon four basic analogies, plus a fifth 
which results from the special charac- 
teristics of the nonlinear resistors used. 
The first basic analogy is that current 
in an electric circuit behaves in a man- 
ner similar to the flow of fluid in a pipe. 
Electric current is measured by insert- 
ing an ammeter in series with the con- 
ductor carrying the current, just as the 
rate of flow in a pipe is indicated by a 


flowmeter element placed in the fluid 
stream. 

The second analogy relates voltage 
to friction head loss. The passage of 
electric current through a resistor is 
accompanied by a drop in voltage which 
is similar to the loss of head caused by 
the friction of water flowing in a pipe. 
This voltage across a resistor may be 
measured by a voltmeter connected 
across its terminals, just as head loss 
along a pipeline may be measured by a 
differential-pressure gage connected by 
tubing to the ends of the pipeline. 
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The third analogy concerns the law 
of balanced fluid flow at the junctions 
of a network, as illustrated by the pipe- 
line network (Fig. la) and the analo- 
gous electric circuit (Fig. lb). In the 
pipeline network, the total flow ap- 
proaching any junction equals the total 
flow leaving it. For example, the flows, 
Q, are restricted by the relations Q, = 


Q.+Q, and Q,+Q,=Q.. Since 


(a) Pipeline Network 
Fic. 1. 


the sum of the currents approaching 
a terminal in an electric circuit equals 
the sum of the currents leaving it, the 
third condition necessary for a complete 
analogy is satisfied. Thus the currents, 
/, in Fig. 1b are related by the expres- 
sions and /,+/,=1/,, 
which are the electrical analogs of the 
corresponding flow equations for the 
pipeline network. 

The fourth analogy concerns head 
losses in a network. The sum of clock- 
wise head losses around any pipeline 
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loop equals the sum of counterclockwise 
head losses. The heads, H, in Fig. la 
satisfy the expression H’ + H, + H, = 
H,. Likewise, the sum of the clock- 
wise voltage drops bounding any loop 
in an electric circuit equals the sum 
of the counterclockwise voltage drops. 
The voltage drops, ’, in Fig. lb are 
governed by the relation V’’ + V, + 
V’, = V,, which is the electrical analog 


Return 
Current 


(b) Electric Circuit 


Pipeline Network and Analogous Electric Circuit 


of the corresponding equation for head 
losses in Fig. la. 

An important fifth requirement must 
be fulfilled in order torobtain direct sol- 
utions from an electric circuit without a 


trial-and-error procedure. The fric- 
tion head loss in a pipeline varies nearly 
as the square of the flow rate. Hence, 
an ordinary resistor, the voltage across 
which is proportional to the current 
through it, cannot represent any signifi- 
cant range of the operating character- 
istics of a pipeline. In the direct elec- 
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trical-analogy method, special resistors, 
designed so that the voltage varies 
nearly as the square of the current, 
satisfy the fifth condition. When these 
resistors are used, all quantities in 
Fig. la are represented by proportional 
quantities in Fig. 1b, as listed in 
Table 1. 


Pipeline Network Analyzer 


To use the five analogous conditions 
effectively, a device known as a pipe- 
line network analyzer has been devel- 
oped. It provides convenient means 
for mounting and interconnecting the 
nonlinear resistors that represent pipe- 
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Power may be supplied to the ana- 
lyzer from any source of steady direct 
voltage, such as a storage battery, mo- 
tor-generator set, rectifier, or d-c. dis- 
tribution system. Manually adjustable 
rheostats, S in Fig. lb, maintain the 
desired differences of source voltages 
which correspond to known differences 
of head between any pair of sources. 
Each discharge from the pipeline net- 
work is represented by a demountable 
load device selected according to the 
range of current needed to represent 
the discharge. The device may be a 
manually adjustable rheostat, an ad- 
justable electronic circuit or a current- 


TABLE 1 
Analogies Between Pipeline Network and Electric Circuit 


QUANTITY IN 
Pieetinge Network 


1. Difference in head H’ maintained between 
two sources 

2. Friction head loss in pipeline P? 

3. Friction head loss between any two junc- 
tions, 

. Flow in pipeline ? 
5. Flow at discharge D 
6. Flow from tank T 


lines, for controlling source and load 
currents, and for measuring voltages 
and currents. Figure 2 is a photograph 
of the pipeline network analyzer lo- 
cated at the College of Engineering of 
Cornell University. This test model, 
the principal components of which were 
supplied by established manufacturers, 
provides space for mounting equipment 
analogous to a network of 127 pipe- 
lines but is initially fitted to represent 
67 pipelines. Four sources and ten 
loads may be simulated. Future models 
can be constructed with increased ca- 
pacity, to accommodate studies involv- 
ing almost any number of sources, 
pipelines and loads. 


PROPORTIONAL QUANTITY 
In Evectric Circuit 
. Difference in voltage V’ maintained be- 
tween two sources 
. Voltage across corresponding resistor R 
3. Voltage between corresponding terminals 
MN 
. Current in corresponding resistor R 
. Current in load device L 
6. Current maintained at source S 


regulating ballast lamp. Ballast lamps, 
which semiautomatically hold the load 
current within desired limits, are used 
in the Cornell analyzer. 

The nonlinear resistors which simu- 
late pipelines are suspended vertically 
from sockets beneath the two horizontal 
panels representing the distribution net- 
work. These panels are permanently 
wired in a grid composed of squares 
analogous to pipeline loops, as indicated 
in Fig. 3. The permanent grid pat- 
tern minimizes the number of tem- 
porary connections which must be set 
up for an analysis. Changes in the basic 
grid pattern are made by inserting 
short-circuiting plugs in resistor sock- 
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ets, by leaving sockets empty or by 
connecting flexible jumpers between 
pairs of jacks located at the junctions 
of the network wiring. 

Each power source, nonlinear-re- 
sistor socket and load device is con- 
nected in series with a current-divert- 
ing jack, which normally has no effect 
in the network. To measure the cur- 
rent in any circuit element, the analyzer 
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tric circuit. Although the master am- 
meter and voltmeter are actuated elec- 
trically, special demountable scales give 
direct readings in terms of flow rates 
and head losses. 


Representation of Performance 
Characteristics 
Since the direct electrical-analogy 
method of network analysis depends 


Fic. 2. Pipeline Network Analyzer 


operator inserts a special plug in the 
associated jack. This plug transfers 
the current through flexible jumpers 
to the master ammeter, which indicates 
both magnitude and direction of flow 
in the corresponding pipeline. To 
measure head loss, the operator con- 
nects the master voltmeter to the ap- 
propriate pair of junctions in the elec- 


largely upon the performance of the re- 
sistors used to represent pipelines, a 
discussion of their design and operating 
characteristics is necessary. The rela- 
tion between head loss and flow rate 
in a pipeline may be stated in several 
ways, among which are those postu- 
lated by Darcy’s law, the Chezy for- 
mula, and the Hazen-Williams for- 
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mula. For studies of water distribution 
systems, the last is often used. This 
formula may be expressed as a simple 
exponential relation of the form : 


H = k,Q'™ 


in which 1 is the head loss ; &, is a con- 
stant, called the “head loss coefficient” 
of a pipeline, with a value depending on 
the length, diameter and conditions of 
the pipeline; and Q is the flow rate. 


(1) 


ic. 3. Analyzer Representation of Network 


Loop * 
* Key 
1—nonlinear resistor socket 
2--nonlinear resistor 
jack 
4—-current-diverting jack 
5—- voltage-measuring jack 


The electrical analog to Eq. 1, which 
expresses the desired relation between 
the voltage, |’, across a resistor and 
the current, /, through it, is: 


&f'*. (2) 


in which the constant, &, analogous to 
the head loss coefficient of a pipeline, is 
called the “coefficient” of the resistor. 

Since the voltage in Eq. 2 does not 
vary in proportion to the current, the 
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equation is nonlinear and must be rep- 
resented in an electric circuit by a 
nonlinear resistor. The required non- 
linear volt-ampere characteristic differs 
greatly from the characteristic of ordi- 
nary linear resistors that perform ac- 
cording to Ohm's law, V = RI, in 
which the resistance, KR, is a con- 
stant. This difference is shown in the 
graphs of Fig. 4, where curve A por- 
trays the desired characteristic of a 
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Fic. 4. Volt-Ampere Characteristics 

nonlinear resistor having a coefficient, 
k, of 10. The resistor should hold the 
desired relation between voltage and 
current throughout its normal range of 
operation. The straight lines, B, C and 
D, illustrate the relation between vol- 
tage and current maintained by ordi- 
nary linear resistors having resistances 
of 2.5, 5 and 7 ohms, respectively. As 
each linear resistor can relate the vol- 
tage and current correctly only at the 
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intersection with the nonlinear char- 
acteristic, linear resistors cannot be 
used to provide direct solutions to prob- 
lems in pipeline network analysis. 

The nonlinear resistors used in the 
pipeline network analyzer are designed 
to perform in accordance with Eq. 2. 
Hence, the resistors inherently force 
corresponding voltages and currents 
to represent head losses and flow rates 
in accordance with the Hazen-Williams 
formula. The fundamental principle 
of operation of the nonlinear resistors 
depends upon the change in resistivity 


Fic. 5. Nonlinear Resistors 

which accompanies the change in tem- 
perature of a tungsten filament and 
upon the temperature distribution 
along the filament, as affected by radi- 
ation of heat to the surroundings and 
by conduction of heat to the leads. As 
the current through a filament in- 
creases, the filament becomes hotter ; 
its resistance rises; and the voltage 
drop—which is the product of current 
and resistance—increases as the de- 
sired exponential function of the cur- 
rent. The availability of tungsten in 
suitable diameters, its stability and long 
life and its peculiar resistance property 
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make it a suitable material for the fila- 
ments. The nonlinear resistors re- 
semble incandescent lamps of the show- 
case type, but the dimensions of the 
parts are specifically designed to meet 
the requirements of Eq. 2 rather than 
to make the units efficient as sources of 
light. Each resistor consists of a single, 
straight, uncoiled tungsten filament 
supported by nickel leads in an evacu- 
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Fic. 6. Comparison of Test Results With 


Desired Characteristic 


ated glass bulb. The bulb is sealed to 
a standard Edison screw base, which 
may be inserted in any of the sockets 
provided for that purpose in the pipe- 
line network analyzer. Figure 5 is a 
photograph of two resistors having 
coefficients of 1.44 and 106, 

The relation between test results and 
the desired exponential volt-ampere 
characteristic for a typical nonlinear 
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resistor having a coefficient of 42 is 
shown in Fig. 6. The solid curve por- 
trays the desired characteristic accord- 
ing to Eq. 2, and the individual points 
are plotted from results of an actual 
test. The match is excellent except for 
voltages lower than one. In this low 
voltage range, a small deficiency in head 
loss indication occurs. Statistical stud- 
ies show that the cumulative effect of 
these small errors on total head losses 
in a complete network would be of the 
order of 0.5 per cent if no other sources 
of error were present. 

A normal stock of nonlinear resistors 
includes approximately 200 different 
coefficient values, ranging from 0.058 
to 500, a ratio of roughly 10,000: 1. 
The resistors are designed so that suc- 
cessive coefficients are spaced at inter- 
vals of approximately 5 per cent; that 
is, each rating is about 1.05 times the 
next lower rating in the series. Hence, 
a resistor may be selected to represent 
any pipeline, subject to a maximum 
error of approximately 2.5 per cent in 
the value of its coefficient, &. Since one 
value of the head loss coefficient, ky, 
may apply to an infinite number of 
combinations of length, diameter and 
condition of pipeline, a resistor having 
a certain coefficient may represent a 
great variety of pipelines. 

The range of voltage through which 
all resistors obey the requirements of 
Eq. 2 should be sufficiently large to 
permit convenient reading of the head 
losses within the range normally found 
in the pipelines of a network, but the 
voltages should not be so high that the 


total voltage drop across a complete 
network is hazardous to the operator of 


the analyzer. Suppose, for example, 
that ordinary 115-v. lamps happened 
to have the desired exponential char- 
acteristic and were used in a network 
containing 40 pipelines in series. The 
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average voltage during an analysis 
would be about 60 per lamp, giving a 
total drop of 2,400 v. across the net- 
work. Obviously, it would be undesir- 
able to operate an analyzer at this vol- 
tage level. The resistors are designed 
to operate normally in the range of 
0-5 vy. Their characteristic closely fol- 
lows the exponential law up to the melt- 
ing point of tungsten at about 12 v., but 
the resistors should not be operated at 
more than 4.6 v. for extended periods, 
in the interest of long life. In normal 
operation, the average voltage drop per 
resistor in a network is about 2.5 v. 


Fic. 7. Resistors in Operation 
Therefore, an electric network repre- 
senting 40 pipelines in series, such as a 
20 by 20 grid, would operate with ap- 
proximately 100 v. between its most 
widely separated terminals. Voltages 
up to 300, representing 120 pipelines 
in series, are satisfactory for use in the 
analyzer without resort to alternating 
current and isolating transformers. 
The temperature at the midpoint of 
any resistor filament is approximately 
the same for any given filament voltage, 
regardless of the value of the resistor 
coefficient. This relation is very useful, 
for it means that the value of head loss 
in a pipeline of any length or diameter 
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is closely indicated by the brightness 
of the incandescent filament of the cor- 
responding resistor. Hence, the oper- 
ator of the analyzer knows what por- 
tions of a network have the largest 
head losses simply by observing the 
filaments. He may then measure the 
values of the head losses which are 
significant without troubling to record 
all the head losses in a network unless 
he wishes to make a complete analysis. 
Figure 7 is a photograph of a set of 
resistors in operation during an analy- 
sis. The two resistors with the bright- 
est filaments correspond to the pipe- 
lines with the largest head losses 

The properties of each nonlinear re- 
sistor may be summarized thus: 
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1. Its volt-ampere characteristic is 
analogous to the head loss—flow char- 
acteristic of a pipeline as expressed by 
the Hazen-Williams formula. The re- 
sistor may also be used to represent 
Darcy’s law, as explained later. 

2. Its coefficient may be selected 
from a series of approximately 200 
numbers, so that it represents the head 
loss coefficient of a pipeline subject to 
a maximum error of approximately 2.5 
per cent. 

3. Its filament operates with a bright- 
ness which is closely related to the 
voltage across the resistor. The bright- 
ness therefore indicates the approxi- 
mate magnitude of the head loss along 
the corresponding pipeline. 


Conduct of Analysis 


Preparation of Network Map 


The first step in preparing for an 
analysis is to make a schematic diagram 
of the pipeline network, showing the 
operating conditions assumed to exist 
at all loads and sources. Opposite each 
pipeline is given the value of its head- 
loss coefficient, k,, found from Eq. 3: 


in which / is the pipeline length in 
1,000-ft. units; and M is a constant de- 
termined from the following expression, 
in turn derived from the Hazen-Wil- 
liams formula as shown in Eq. A6 of 
Appendix A: 


5,830 
M 


In Eq. 4, d is the internal diameter of 
the pipe, in feet, and C is the Hazen- 
Williams smoothness coefficient. Val- 


ues of M may be read directly from a 
table. 

An example of a schematic network 
diagram suitable for analytical work 
is given in Fig. 8, which is taken from 
a study of a portion of the municipal 
water distribution system of Winnipeg, 
Man. The values of all hydraulic quan- 
tities in this diagram (the underscored 
numbers are flow rates, in mgd.; the 
other decimals are head loss coefficients, 
k,) must be converted to the corre- 
sponding values in the analogous elec- 
tric circuit, Fig. 9 (where the under- 
scored numbers indicate the amperage 
and the encircled numbers are resistor 
coefficients, k), before the pipeline net- 
work analyzer can be arranged for op- 
eration. The next step in preparing 
for the analysis is to select appropriate 
scales for this conversion. 


Conversion Scales 


The two hasic scales are those relat- 
ing voltage to head loss and current 


| 
3 
a 
3 
4 
i 
: 
> 


356 


Let these scales be called, 
Then: 


to flow rate. 
respectively, B and G. 


B = —, volts per unit head... . (5) 


Hi 


G = = , amperes per unit flow. . (6) 


Q 


Values of these factors are selected from 
a list of preferred numbers which per- 
mit easy reading of the scales on the 


59 


137 
166 QI 283 


Pipeline Network Diagram 


093 
hic. 8. 


master voltmeter and ammeter. The 
value of B is chosen so that the average 
voltage per resistor in series will be 
roughly 2.5, and a value of G is selected 
which gives load currents suitable for 
the ratings of the available load devices. 
The values chosen for B and G fix the 
value of the factor, 6, which relates the 
nonlinear coefficients, &, to the head 
loss coefficients, &,, of the correspond- 
ing pipelines. 
The value of 61s 
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lf H is expressed in feet of water: 


1.807B 


- (8) 


with the unit flow expressed in mgd., 
or: 
0.0501B 


with the flow rate in 100-gpm. units. 
The derivations of Eq. 8 and 9 are 
given in Appendix B. 


Socket & Solid Connection k= 


Fic. 9. Analogous Electric Circuit 
In the present example, let the val- 

ues of B and G be 0.25 v. per foot of 

head and 0.25 amp. per mgd., respec- 


tively. Then, from Eq. 8: 


1.807(0.25) 


~ (0.25) 


= 5.90.. .(10) 


Each value of k, in Fig. 8 is multiplied 
by 5.90 to determine the value of the 
coefficient, k, of the corresponding non- 
linear resistor in Fig. 9. The value of 
each load and source flow rate in Fig. 
8 is multiplied by G, or 0.25, to obtain 
the corresponding current shown in 
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Fig. 9. These changes of scale for all 
known values in the pipeline network 
are the only computations required in 
the direct electrical-analogy method af- 
ter the pipeline head loss coefficients 
have been determined. 


Operation of Analyzer 


Aiter the scales for use in the analy- 
sis have been chosen, and the final 
circuit diagram similar to Fig. 9 has 
been prepared, the analyzer is placed 
in operation. There are three steps in 
conducting an analysis: [1] connect- 
ing the resistors to represent the pipe- 
line network, [2] adjusting loads and 
sources to represent required conditions 
and [3] recording flow rates and head 
losses. 

1. Connecting the analyzer. The 
first step in connecting the analyzer for 
operation is to insert in the proper 
sockets the resistors whose coefficientS 
have values as close as possible to the 
values of k given in the circuit diagram, 
Fig. 9. If several locations in the cir- 
cuit require resistors of the same rat- 
ing, a single resistor having a coeffi- 
cient suitable for representing a cer- 
tain pipeline may not be available. 
Two alternatives are then possible: 
either to use two resistors in series, 
with the sum of their coefficients having 
the desired value, or to use resistors in 
parallel. If identical parallel resistors 
are used, the value of each individual 
coefficient, k’, should be : 


which, for two resistors in parallel, re- 
quires that each should have a coeffi- 
cient 3.6 times as large as the desired 
combined coefficient, &. An _ infinite 
variety of parallel combinations of un- 
like resistors may be chosen with the 
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aid of a logarithmic graph based on 
principles similar to those used in de- 
termining equivalent pipes. 

After the resistors are inserted in the 
sockets, flexible jumpers are connected 
between sources and the network and 
between the network and load device 
locations. These jumpers are indicated 
by arrows in Fig. 9. The final step in 
connecting the network is to mount a 
load device of appropriate current rat- 
ing at each load location on the control 


panel, shown at the lower right in Fig. 
> 


2. Adjusting loads and sources. Af- 
ter all connections have been completed, 
the analyzer is energized by a low volt- 
age from the d-c. source. This voltage 
is gradually raised, while the operator 
watches the resistor filaments. The 
resistors which begin to glow brightly 
during this operation are likely to burn 
out when full voltage is supplied. To 
prevent damage to these resistors, the 
network is deenergized and the critical 
resistors are replaced by equivalent 
series combinations. The source volt- 
age is again increased, while the opera- 
tor observes the filaments of the load 
devices to ascertain that they do not 
glow brighter than a normal cherry red. 
Occasional adjustments of the series 
rheostats mounted on the load devices 
keep the Joad currents within the de- 
sired operating ranges. Since each 
load device maintains approximately 
constant current, the adjustment of 
other load devices to hold their proper 
currents has a negligible effect on it, 
and the desired values of currents in 
all load devices are quickly obtained, 
regardless of the voltages across them. 
The required source currents or volt- 
age differences between pairs of sources 
are reached by adjusting the source 
control rheostats. 


; 
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3. Recording flow rates and head 
losses. When all load and source con- 
ditions are properly met, the values of 
the hydraulic quantities may be meas- 
ured, If the operator desires to deter- 
mine the effect of a certain proposed 
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value of the total friction head loss be- 
tween the present reservoir and the 
site of an assumed fire-fighting demand 
was determined for each of seven dif- 
ferent fire locations, without recording 
any other values. For each fire loca- 


2.96 


Q=1.76 
H-15.23 


Q=082 
H=-549 


169 
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plan quickly, he need not record the 
flow rates and head losses for all the 
pipelines. For example, in a_ study 
of the water distribution system on the 
Cornell campus, where the principal 
grid contains 61 pipeline elements, the 


Q=060 
H=883 


01 


Flows and Head Losses in Final Balance 


tion, the time consumed in replacing 
certain resistors with equivalent series 
combinations, followed by adjustment 
of loads, was about 25 minutes. As 
soon as each readjustment was com- 
plete, the desired reading of total head 
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loss was taken. The seven measure- 
ments were then repeated to deter- 
mine the effect of a proposed new main 
supplying the campus grid directly from 
a pumping station, augmenting the sup- 
ply from the present reservoir, <A 
decision was quickly reached on the 
point where this new main could be 
effectively connected to the campus grid 
at least cost. The rapidity with which 
information can be obtained from the 
analyzer, results from the completeness 
of the analog made possible by the non- 
linear resistors. The analyzer is, in 
effect, a small-scale water distribution 
system. 

If detailed study of the performance 
of individual pipelines is needed, the 
operator records flow rates and head 
losses on the schematic pipeline net- 
work, as in Fig. 8. The flow rate for 
each pipeline is found from the special 
scale mounted on the master ammeter, 
with the current-diverting plug inserted 
in the proper jack. The head loss is 
found from the special scale on the 
master voltmeter, with the voltmeter 
leads connected to the jacks which rep- 
resent pipeline junctions. The validity 
of the two readings taken for a pipeline 
may be checked by means of a nomo- 
graph which gives the value of the head 
loss coefficient that, according to the 
Hazen-Williams formula, corresponds 
to the measured values of flow and head 
loss. This check discloses any errors 
made in selecting resistors or in con- 
necting the circuit and assures useful 
results. Two other checks may be 
made during the recording process. 
The first ascertains that the sum of 
flows approaching each junction equals 
the sum of flows leaving it. The sec- 
ond compares the sum of clockwise 
head losses around each loop with the 
sum of counterclockwise losses. These 
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checks prevent the possibility of error 
in reading an instrument scale. The 
checks made during an analysis should 
show that loop head losses and junction 
flows are not out of balance more than 
approximately 2 per cent. A _ final 
evaluation of accuracy can be made, if 


desired, as described below. 


Evaluation of Accuracy 


The accuracy of an analysis may be 
judged by determining all the errors 
in head loss which accompany a bal- 
anced set of results. It is first neces- 
sary to adjust the slight discrepancies 
which may be present in the recorded 
values of head losses and flows, in or- 
der to make all balances perfect. The 
next step is to compute or find from 
a nomograph a value of head loss co- 
efficient, k,’, which corresponds to the 
adjusted values of flow and head loss 
for each pipeline. The expressions 
used for this purpose are; 


, 


with Hf expressed in feet and Q in 
mgd., or: 


. (12) 


19.95 


(13) 


with H in feet and Q in 100-gpm. 
units. The ratio of this derived coeffi- 
cient to the desired coefficient, k,, minus 
one, gives an error ratio. This ratio, 
multiplied by the measured head loss, 
determines the value of the error in 
feet of head loss for each pipeline. 

An example of an error study, based 
upon an actual analysis of the network 
of Fig. 8, follows. Balanced values of 
head losses and flows are shown in 
Fig. 10, together with the values of 
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Pipeline | 
ky 


0.379 0.378 1.002 


16-17 0.078 0.081 0.963 

17-18 | 0.082 0.081 | 1.011 
18-19 | 0.32 0.38 | 0.842 
| 1.60 0.938 
16-26 | 6.33 6.55 0.997 
17-27 | 3.01 293 | 
- 18-28 7.58 7.61 | 0.995 
: 19-29 | 310 | 3.17 0.978 

§ 25-26 | 2.67 2.57 1.04 
26-27 | 0.601 | 0.585 1.028 

i 27-28 | 0462 | 0.585 0.79 
4 28-29 2.96 2.92 1.012 
26-36 | 9.66 952 | 1.014 
29-38 4.11 4.05 | 31087 
36-38 | | 9.52 0.972 
39 | 4.59 4.76 | 0.963 

36-46 2.94 3.21 0.915 
moss | 1.58 | 1.27 1.243 
' 99-59 | 2.08 | 2.15 | 0.968 

J i 48-46 | 2.04 | 262 | 0.78 
} 46-47 | 5.00 4.97 1.006 
: 47-48 | 11.02 10.5 | 0.952 

45-55 13.9 13.4 | 1,038 

17-57 | 3.69 262 | 1.41 

| i 187 0.905 

. 55-56 208 | 2.03 | 1.025 

56-57 4.07 3.88 1.05 

57-58 12.6 13.7 0.92 


14.5 1.007 


coefficients, &,’, derived from them. A 
summary of results and errors is pre- 
sented in Table 2. Corresponding val- 
ues of k,’ and k, are listed in Columns 
1 and 2, respectively, and their ratios 
are listed in Column 3. The final er- 
ror in head loss is given in Column 6, 
if positive, or in Column 7, if negative. 
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TABLE 2 
Head Loss Errors in Fig. 10 


4 5 6 


~ 


: Positive Negative 
Head Error Error 


0.002 18.7 0.037 | 
—0.037 2.38 0.088 
0.011 1.40 0.015 
—0.158 3.50 0.554 
— 0.062 3.2 0.198 
—0.003 | 10.4 0.031 
0.012 7.97 0.095 
— 0,005 7.47 0.037 
—0.022 | 19.2 0.422 
0.04 | 25.9 1.038 | 
0.028 0.05 0.001 | 
—0.21 | 0.90 | 0.189 
0.012 | 15.23 0.183 
0.014 42.58 0.596 
0.017 34.7 0.590 
—0.028 8.2 0.230 
—0.037 | 8.9 0.329 
—0.04 | 4.4 0.176 
—0.085 | 2.6 0.221 
0.243 | 0.12 0.029 
—0.032 | 0.72 0.023 
—().22 1.8 | 0.396 
0.006 | 3.2 | 0.019 
—0.048 | 0.371 
0.038 | 30.5 1.160 
0.372 | 2.3 0.858 
0.41 0.01 | 0.004 
— 0.095 0.105 
0.025 30.0 0.750 
0.05 5.49 | 0.274 
—0.08 &.83 0.706 
0.007 8.4 0.059 | 


Total 317.87 5.708 


The total positive error in head loss 
is 5.7 ft., and the total negative error 
is 4.1 ft., compared with a total value 
of 318 ft. for all head losses. Similar 
general results of all analyses conducted 
on the Cornell analyzer up to the time 
this paper was written are presented in 
Table 3. The maximum net error— 
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that is, the difference between positive 
and negative errors—in these analyses 
is 2.5 per cent of the total head loss. 
The overall error in an analysis has 
always been found conservative; that 
is, it tends to produce a total head loss 
slightly larger than that obtained from 
the Hazen-Williams formula. The er- 
ror associated with the electrical-anal- 
ogy method is believed to be small com- 
pared with the probable error in as- 
signing values of smoothness coeffi- 
cients to the pipelines in a network. 
The error caused by inserting the am- 
meter in the circuit to indicate flow is 
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measure flows. The flow rate corre- 
sponding to the measured head loss 
may then be found from a nomograph. 

Another way to judge the accuracy 
of an analysis is to determine the per- 
centage error in head loss for each 
pipeline, referred to the maximum head 
loss between any pair of points in a 
network. For example, in Fig. 10, the 
largest head loss, 89.5 ft., which occurs 
between points 15 and 59, is the base 
for evaluating error percentages. The 
frequency distribution of errors com- 
puted in this manner for all the analy- 
ses listed in Table 3 is presented as a 


TABLE 3 


Summary of Total Errors 


No. of 


Analysis 
valys Pipelines 


Winnipeg 1A 


Winnipeg 1B 
Winnipeg 2A 
Winnipeg 2B 
Winnipeg 3A 
Winnipeg 3B 
Cornell 21 

Cornell 25 


negligible whenever the resistor volt- 
age is significant, but, as the voltage 
approaches zero, corresponding to a 
very low head loss, the resistance of 
the ammeter circuit may occasionally 
be comparable to that of the resistor in 
series with it. In these instances, the 
head loss in the pipeline represented 
by the resistor is so small that accurate 
evaluation of flow rate or head loss is 
usually unnecessary. If maximum ac- 
curacy is desired for these lightly 
loaded pipelines, the best procedure is 
to measure the head losses without in- 
serting the ammeter in the circuit to 


Head Lose 

Net 
| Error 
| Positive Negative per cent 


Error | Error 


5.7 4.1 
96 | 6.6 
Bet 

6.7 

7.2 4.0 
140 | 7.7 
54 | 4.9 


| 


histogram in Fig. 11. The mean value 
of error in head loss for individual pipe- 
lines is positive, and equals 0.13 per 
cent of the maximum head loss. 
Eighty-seven per cent of all errors are 
within the range of + 1 per cent of the 
maximum head loss. All errors larger 
than 2.2 per cent are positive, and the 
largest single error is 4.4 per cent of 
the maximum network head loss. 

The error studies show that the di- 
rect electrical-analogy process of pipe- 
line network analysis gives results the 
accuracy of which is better than that 
of the values usually assumed for the 


Loops 
| Total 
64 26 | 209 3.0 
34 13 | 382 | oF | i 
35 14 318 6.0 
34 13 235 3.5 
34 13 223 3.2 t 
61 | 20 286 i 6.3 
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smoothness coefficients and load flow 
rates of a water distribution system. 
After a period of familiarization with 
the process, the engineer responsible 
for an analysis should ordinarily not 
need to make an error study, if the sug- 
gested checks have been performed 
during the recording of head losses and 
flows. 


Use of Darcy's Law 


If the condition of the internal sur- 
face of a pipeline is known exactly, the 
relation between head loss and flow rate 
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Fic. 11. Distribution of Error 

can be expressed more accurately by 
Darcy's law than by the Hazen-Wil- 
liams formula. In Darcy's law, the sur- 
face condition is given in terms of the 
friction factor, f, which varies with the 
flow rate, whereas, in the Hazen-Wil- 
liams formula, the condition is repre- 
sented by the smoothness coefficient, 
C, which is considered constant. 

A typical comparison between the 
Hazen-Williams formula and Darcy's 
law is presented in Fig. 12, which ap- 
plies to a line of 10-in. pipe 1,000 ft. 
long. The solid curve (4) portrays 
the relation between head loss and flow 
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rate according to Darcy’s law, for a pipe 
having a relative roughness of 0.0016, 
as defined by Moody (7); and the 
broken curve (8) shows the relation 
according to the Hazen-Williams for- 
mula, for C = 120. The curves inter- 
sect at a flow rate of 1,225 gpm., or a 
velocity of 5 fps., and are very close 
to one another over the range of veloc- 
ity 0-7 fps. Hence, the Hazen-Wil- 
liams formula with C = 120 should be 
satisfactory for this range of velocity. 
Suppose, however, that the flow rate 
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Fic. 12. Comparison of Darcy’s Law and 


Hazen-Williams Formula 


found from a test in the pipeline net- 
work analyzer is 2,450 gpm., corre- 
sponding to a velocity of 10 fps. The 
discrepancy between Darcy’s law and 
the Hazen-Williams formula is then 
significant ; but if the value of the head 
loss coefficient, ky, of the pipeline is ap- 
propriately increased, the Hazen-Wil- 
liams formula gives an excellent repre- 
sentation of the pipeline performance. 
The dash-dot curve (C) in Fig. 12 is 
based upon the Hazen-Williams for- 
mula with the value of &, 10 per cent 
larger than that used for curve B. 
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Figure 13 gives the values of a cor- 
rection factor by which any pipeline co- 
efficient, &,, or corresponding resistor 
coefficient, k, should be multiplied in 
order to provide close agreement with 
Darcy's law. The curves are drawn for 
C = 100 for pipelines from 4 to 16 in. 
in diameter, and for C = 120 for pipe- 
lines from 10 to 30 in. in diameter. 
Correction factors greater than 1 have 
the same values for either value of C. 
Similar curves could be prepared for 
other values of C. The coefficient of 
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line characteristics correctly at a veloc- 
ity of 5 fps. Within a velocity range 
of 0-7 fps., the small errors in head 
loss in a network tend to compensate, 
since they are either positive or negative 
as the velocities in the various pipelines 
are less or more than 5 fps. Resistors 
whose coefficients correspond to the se- 
lected values of C are placed in the 
analyzer, which is then operated ac- 
cording to required conditions of input 
and discharge. The flow rate is meas- 
ured for the resistors whose filaments 
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Fic. 13. Relation of Correction Factor to Flow Rate 


any pipeline is chosen to be correct for 
the given value of C if the velocity is 
5 fps. At the flow rate for any other 
velocity, the correction factor may be 
found from the appropriate curve. For 
example, the head loss coefficient of a 
10-in. pipeline in which the flow rate 
is 2,450 gpm. should be multiplied by 
1.10, as previously suggested. 

At the beginning of an analysis, the 
velocities in the various pipelines of a 
network are unknown. Let values of 
C be chosen which represent the pipe- 


are glowing brightly, and values of 
correction facters to apply to the re- 
sistor coefficients are found from Fig. 
13. The resistors are then replaced 
with others having suitably altered co- 
efficients, and the final complete analy- 
sis may be conducted. The results of 
this analysis will be in close agreement 
with Darcy’s law. The substitution of 
resistors causes a slight redistribution 
of currents in the network elements, 
but the changes are so small that the 
resistors operate well within the range 
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of satisfactory representation of the 
pipeline characteristic. 

This procedure for conducting a re- 
fined analysis is believed to be neces- 
sary only seldom but is described to 
show the possibility of using the elec- 
trical-analogy method for occasional 
problems involving a range of velocities 
for which the Hazen-Williams formula 
may be considered unsuitable. 


Conclusion 


The direct electrical-analogy method 
of pipeline network analysis is a con- 
venient, rapid and accurate means of 
studying the performance of pipeline 
grids. Not only does the method elimi- 
nate all computations which involve the 
plan of the network, but it provides im- 
mediate visual indication of the sec- 
tions of a network where head losses 
Since the only values 
of flow rates or head losses which need 
be measured are those of direct interest, 
no time is wasted in recording unim- 
portant information. No guesses, trial 
values of flow rates and head losses, 
or successive approximations are re- 


are excessive, 


quired in reaching a solution based on 
the Hazen-Williams formula. Changes 
to represent alternate plans of construc- 
tion or different operating conditions 
at the sources or loads can easily be 
made, and their effects can be meas- 
ured rapidly. Hence, the method is a 
useful aid in designing networks for 
maximum economy, as well as in ana- 
lyzing their performance in detail. 

If doubt exists concerning the physi- 
cal conditions of pipelines in an exist- 
ing network which is to be analyzed, 
a field check of pressures at a few im- 
portant locations under normal load 
conditions may be made. The analyzer 
may be matched to field conditions by 
changing the values of resistor coeffi- 
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cients or by shifting load distributions. 
When this match is satisfactorily ac- 
complished, the network may be ana- 
lyzed, and the effects of new conditions 
or changes in the network plan may 
be determined with the assurance that 
the unchanged portions of the network 
are correctly represented. 

In addition to studies of specific 
problems, the electric pipeline network 
analyzer can be used to examine the ef- 
fects of variations in the factors con- 
trolling the conditions of analyses in 
general. [Examples of these effects are 
the increase in head loss caused by 
skeletonizing, head loss errors due to 
random distributions of smoothness co- 
efficients, improper flow distributions 
caused by incorrect values and locations 
of discharges, and the accuracy of an 
analysis as a function of network size. 

The direct electrical-analogy process 
is easily understood. Any person with 
a technical background can operate the 
pipeline network analyzer after a brief 
training period. 
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The basic research underlying the 
development was conducted as the sub- 
ject matter of a doctor's thesis (8) at 
Massachusetts Institute of Technology, 
under the supervision of Harold L. 
Hazen, Head, Dept. of Electrical En- 
gineering, for whose inspiring coun- 
sel the author is especially grateful. 
The original idea for an electric pipe- 
line network analyzer was conceived 
about 1930 by Thomas R. Camp, then 
associate professor of sanitary engi- 
neering at M.I.T., who later assisted 
the author by sharing his knowledge 
of hydraulic aspects of the problem and 
encouraging him in every way. Pro- 
fessors A. T. Gifford, G. P. Wads- 
worth, H. C. Hottel and A. T. Ippen 
also devoted much time to the discus- 
sion of various aspects of the problem 
of pipeline network analysis. 

N.S. Bubbis, then Acting Gen. Mgr., 
Greater Winnipeg Water Dist., Win- 
nipeg, Man., kindly transmitted sev- 
eral practical problems to test the ana- 
lyzer, and R. H. Ellis, engineer of the 
Standards Div., Associated Factory 
Mutual Fire Insurance Companies, 
Boston, Mass., formulated the study 
of the Cornell campus water distribu- 
tion system and participated in oper- 
ating the analyzer during the study. 
Many practicing engineers contributed 
maps of typical pipeline networks and 
other information to orient the author 
in the operation of water distribution 
systems. He expresses his sincere 
thanks for their help, and his regret 
that the need for brevity prevents men- 
tioning each by name. 
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D. F. Gunder, Head, Dept. of En- 
gineering Mechanics, Cornell Univer- 
sity, kindly reviewed the manuscript 
and gave helpful suggestions concern- 
ing it. W. L. Reese and R. C. Rustay 
operated the analyzer for the tests men- 
tioned in the paper. 
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APPENDIX A—Derivation of Equation for Head Loss Coefficient 


The original form of the Hazen-Williams 
formula relating friction head loss to the rate 
of water flow in a pipe is: 


v= 1.318CP (Al) 


in which C is the smoothness coefficient; r is 


the hydraulic radius, equal to re. with d the 


inside diameter, in feet; s is the friction head 
loss, expressed in feet of water per foot of 
pipe length; and o is the average velocity of 
water, in feet per second. Since the rate of 
flow, Q, in gpm., is 353d": 


(A2 


v 


The friction head loss per 1,000 ft. of pipe 
is found by taking the 1.85 power of both 
sides of Eq. Al and multiplying by 1,000: 


1,000 
1,000; = 


Let the value of v from Eq. A2 be substituted 


(A3) 


in Eq. A3: 


0005 = . . (A4) 


of 
) 
4 
0.0583 


1,000s = ds Tar 


Os. . (AS) 


the result being in terms of feet of water per 
1,000 ft. of pipe. 

Since it is usually more convenient to use 
larger numbers than the values of 1,000s 
obtained from Eq. A5, multiplying the co- 
efficient of Q' by 10° has been suggested, 
which gives as the value of the constant, M, 
for a pipe 1,000 ft. long: 


5,830 


(A6) 
d‘ 


The constant, M, in Eq. A6 is expressed in 
units of 10°° ft. of water friction head loss 
per 1,000 ft. of pipeline. The head loss coeffi- 
cient for insertion on the pipeline network 
map for a pipeline / thousand feet long is then: 


k, = Ml. (A7) 
as in Eq. 3. 


APPENDIX B—Relations Among Scales 


If the flow rate, Q, is expressed in med.: 


H = (694.40) 
H = ft. 


H being the friction head loss, in feet; k,, the 
pipeline coefficient; and &, the resistor coeffi- 
cient. The relationships among the scales 
are: 


amp./megd., 


~ v./ft. head loss 


H 


1.8070!" 
1,807Q0'™ 


If the flow rate, Q, is expressed in 100-gpm. 
units: 
H = 
H = 0.0501k,0' ™ ft. 


H being the friction head loss, in feet; &,, the 
pipeline coefficient; and &, the resistor coeffi- 
cient. The relationships among the scales 
are: 


G = —amp./100 gpm. 


r./ft. head loss 


_H__ 19.95H 
0.05010: 

k, 19.95H 
0.05015 


Gis 


| M = 
yp 
| 
| 
— B= — 
B H 
: k = 6k, k = Ok, 
V V 
k= k= 
H 
: 
H 
1.8078 


Benefited Water District Plan for Main Extensions 
By Dale L. Maffitt 


A paper presented on Oct. 6, 1949, at the lowa Section Meeting, Bur- 
lington, lowa, by Dale L. Maffitt, Gen. Mgr., Water Works, Des 


Moines, lowa. 


HE fact that most American cities 

are continually expanding around 
the periphery provides a familiar prob- 
lem for the engineers in charge of water 
distribution systems. There are, of 
course, varied opinions on the practica- 
bility of municipalities’ furnishing water 
to consumers beyond their corporate 
limits. 

It is more or less common practice 
for municipally owned water works to 
provide service outside the city, but the 
entire expense of the construction and 
maintenance of mains is often borne by 
the property owners benefited, and, if 
fire protection is provided, it has to be 
at a rate fixed by the municipality sup- 
plying the service. Also, in order not 
to discriminate against water users 
within the corporate limits, who are 
called upon to finance the utility’s main 
plant and properties, it is the usual 
custom to charge more for water, on a 
gallonage basis, outside the city. 

Although small areas may be handled 
by making direct contacts with indi- 
viduals, it often becomes practical, when 
large sections outside the corporate 
limits are to be served, to establish 
“benefited water districts.” Since 1924 
Iowa has had a law providing for the 
establishment of such districts, but 
not until the statute was amended and 
rewritten in 1939 was it very much 
used. Eight benefited water districts 
have been approved by the. supervisors 
in Polk County, Iowa, all to be sup- 


plied from the system of the Des 
Moines Water Works. Five of these 
districts were formed in 1949, while 
the other three date from before the 
war, which virtually stopped new main 
construction everywhere. 

Chapter 357 of the 1946 Code of 
Iowa provides that: 


The board of supervisors of any county 
shall, on the petition of 25 per cent of 
the resident property owners in any pro- 
posed benefited water district, grant a 
hearing relative to the establishment of 
such proposed water district; such peti- 
tion shall set out the following and any 
other pertinent facts: [1] the need of a 
public water supply; [2] the approximate 
district to be served; [3] the approximate 
number of families in the district; [4] the 
proposed source of supply; [5] the type 
of service desired, whether domestic only 
or for fire protection and other uses. 

The board of supervisors may, at its 
option, require a bond of the petitioners. 


The source of supply for a benefited 
water district is usually, but not nec- 
essarily, the local water supply of the 
city to which the district is contiguous. 
If so, the law requires that the corpo- 
ration or municipality which controls 
the proposed scurce of supply furnish 
a proposal in writing outlining the 
terms upon which water will be sup- 
plied to the district, or to the individuals 
within it. 

If it is decided, at a proper public 
hearing by the board of supervisors, to 
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establish the benefited water district, 
it is then the duty of the supervisors 
to appoint a competent civil engineer 
to prepare a plat and a dummy sched- 
ule of proposed assessment. 

When this preliminary design and 
assessment is approved by the super- 
visors, an election is held in the dis- 
trict. The proposition is deemed to 
have carried if a majority of the legal 
voters residing in the district votes in 
favor of it. At the same election, a 
board of trustees is elected to operate 
the proposed water system. 

If satisfactory arrangements can be 
made to sell bonds for financing the 
project, bids are taken by the board of 
supervisors for construction of the 
mains in accordance with the plans of 
the engineer. 


Terms of Proposal 


Probably of first importance to water 
works officials are the terms to be in- 


cluded in the proposal furnished by the 
municipality or corporation controlling 
the source of water supply for the dis- 


trict. Such a proposal should include : 


1. Specifications on the size and kind 
of pipe used and the location and type 
of connection with the mains of the 
supplier. 

2. An agreement on how the water 
shall be metered and by whom the me- 
ters are to be furnished. 

3. The terms of payment for water 
used, and where and by whom the bills 
are to be paid. 

4. Copies of applications for service, 
or other forms of agreement, to be en- 
tered into between the customer and the 
supplier. 

5. An agreement on the manner in 
which all pipes and appurtenances 
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shall be maintained and who shall pay 
for the work. 

6. Terms with respect to fire pro- 
tection, if it is to be furnished. 

7. An agreement regarding any pos- 
sible claims for damages resulting 
from interruptions of service, inade- 
quate pressure, discontinuation of 
service for nonpayment and so on. 


Des Moines has encountered some 
developments in connection with the es- 
tablishment and operation of benefited 
water districts which may be of in- 
terest. Among the more important 
are the following : 


1. There has been a tendency to in- 
stall mains of inadequate size, so that, 
when extensions become desirable, suf- 
ficient capacity is not available. 

2. It has sometimes been found that 
the cost of extending the mains ex- 
ceeds 25 per cent of the actual value of 
the property, which, according to the 
law, is the maximum amount of assess- 
ment that can be made. 

3. The need for fire hydrants and 
mains of adequate size for them intro- 
duces a problem, as does also the ques- 
tion of fire sprinkler services and what 
charges should be made therefor. 

4. Close and agreeable cooperation 
between the trustees of the district and 
the management of the water works 
furnishing the supply is necessary. 
The forms used for service and meter 
applications are important. Samples 
of the forms employed in Des Moines 
are available to those interested. A 
sample service application form is 
shown in Fig. 1. 

Although there are still some weak- 
nesses in the benefited district plan, for 
the most part it serves its purpose well. 
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Los Angeles Experience With Water Hammer 
By Alexander C. Rener 


7 


A paper presented on Oct. 27, 1949, at the California Section Meeting, 
Sacramento, Calif., by Alexander C. Rener, Office Engr., Water Distr. 
Div., Dept. of Water & Power, Los Angeles. 


ATER hammer has been the sub- 

ject of numerous excellent tech- 
nical papers given before this Associa- 
tion and many engineering societies. 
The matter has usually been treated on 
a highly technical level, with many 
mathematical formulas and graphs 
based on extensive experimentation. 
These papers, with their background 
of study, have been of tremendous value 
in developing remedies for water 
hammer and surges in trunk lines and 
pumping plants. In grid systems with 
branch lines, services, air valves, blow- 
offs and the many appurtenant struc- 
tures, however, the complexity of con- 
ditions is such that the small water 
works operator, who probably is not 
an engineer, seeks a practical rather 
than an analytical solution to his prob- 
lem. With that idea in mind,.the sub- 
ject will be treated in this paper on the 
basis of practical experience in the 
control of water hammer and surges in 
Los Angeles. 

The water distribution system of 
Los Angeles is a vast network of dif- 
ferent pressure zones, the area served 
varying in elevation from zero to 1,719 
it. above sea level. If each zone were 
fed from a tank or reservoir, there 
would be little trouble from water ham- 
mer in the distribution system. This 
method is impossible for many reasons, 
however, and a system of pressure reg- 
ulators is used. The number of service 
connections per zone ranges from 20 
to 150,000, and the 104 pressure-regu- 


lating stations vary from one 2-in. reg- 
ulator to six 20- and three 12-in. regu- 
lators. Two types of valves are used 
for regulating water pressures: the 
globe type and the plug type, operated 
by a hydraulic cylinder. Experience 
has shown that the development of wa- 
ter hammer is equally possible with 
both kinds of regulator. The pilot 
valve maintains the same control on 
either type and, if the surge or hammer 
is checked before it reaches the valves, 
there will be little danger of serious 
situations occurring. 


Regulators and Relief Valves 


Water hammer and surges in a distri- 
bution system supplied through pres- 
sure regulators may be due to many 
factors. A failure in the pressure regu- 
lator may cause it to stay open, allow- 
ing high-pressure water to enter a low- 
service zone. This type of surge is 
controlled by pressure relief valves 
which are located on the low side 
within a few feet of the regulators. In 
years past pressure relief valves were 
installed primarily in locations close to 
storm drain catch basins, drainage 
channels or other convenient places, 
often thousands of feet from the pres- 
sure regulator. It has since been found, 
however, that relief valves must be situ- 
ated very near the regulator in order 
to be effective. If the regulator re- 
mained open, the resulting pressure 
wave had to travel a long distance be- 
fore it reached the relief valve. Dur- 
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Los Angeles City Proper 


Pressure Regulator 
High Side, 250 psi. 
Low Side, 96 psi. 


32-in. Trunk Line 


Pressure Regulator 
High Side, 194 psi. 
Low Side, 85 psi. 


Fire Hydrant 
Broken Off 


Fic. 1. Trunkline Supplying Water for 


Los Angeles Harbor 


ing that interval the water main, con- 
sumers’ service pipes and hot-water 
tanks were subject to damage. 

The relief valve used by the Los 
Angeles Dept. of Water and Power is 
a standard pressure regulator with a re- 
verse-acting pilot valve which causes 
it to open and discharge water in the 
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event of an increase in pressure. This 
type of relief valve has been found most 
effective and operates perfectly if the 
rise in pressure is not too rapid. If the 
regulator should open too quickly, the 
time required to open the relief valve 
may allow a surge to enter the low- 
pressure zone. This problem is being 
solved by the development of more sen- 
sitive controls on the pilot valve which 
operates the relief valve. The valves 
are set to relieve after the pressure on 
the low side of the regulator rises 5—10 
psi. above the normal operating figure. 
The waste water from the relief valve is 
diverted into storm drain catch basins, 
if possible, and, in the areas where 
there are no such facilities, water is 
spilled into the gutter. The wasting of 
water is generally reported by con- 
sumers as water running down the gut- 
ter or a probable broken pipe, and, with 
the aid of two-way radios, a regulator 
crew is immediately dispatched to rem- 
edy the situation. 

The main problem in reducing water 
hammer to a minimum where regu- 
lators are used is to prevent the surge 
from reaching the pilot valve. This ob- 
jective has recently been achieved suc- 
cessfully by the use of a new type of 
surge suppressor, in which the energy 
of the wave is absorbed in compressing 
air in a rubber and steel chamber. 
The suppressors have worked especially 
well when used in a station serving a 
closed system. This circuit routes the 
water from the low-pressure _ side 
through the surge suppressor ; after the 
hammer has been suppressed, the pres- 
sure reaches the pilot valve, which op- 
erates the regulator more smoothly. 

An interesting instance of the de- 
velopment of water hammer through 
pressure regulators as a result of sud- 
den demand occurred recently. The 
Los Angeles Harbor water distribution 
system (Fig. 1) is separate from that 
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of the city proper except for a 32-in. 
trunk line 12 miles long. This line re- 
ceives its water through pressure regu- 
lators, and the pressure is again re- 
duced through pressure regulators as 
it enters the harbor area. A fire hy- 
drant broke in the harbor area one night 
when the entire system was being sup- 
plied by the pressure regulators and a 
small pumping plant. The regulators 
opened to supply the demand, which, im 
turn, caused the regulators 12 mules 
away to open. These regulators are 
normally set at 96 psi. on the low side. 
The pressure immediately dropped to 
SO psi., and the regulators overtraveled, 
causing the pressure to rise to 116 psi. 
and then to drop to 96. The flow rate 
changed from 7 to 40 fps. and back to 
18 fps. Although the distribution sys- 
tem suffered no bad effects from this 
surge, it illustrates the danger and dam- 
age which could develop tf a large wa 
ter maim burst. 

A solution to this type of problem may 
he possible if a new mechanism, now 
being developed, is successtul for use 
with the pilot valves at the regulators 
This device will employ a circuit which 
will be more sensitive to changes m 
pressure. The pressure in the line on 
the low side will drop as before, but 
the pressure m the controls tor the 
regulator will decrease only shghtly and 
it will find a static position again before 
the pressure can rise. This attachment 
will require much experimentation and 
many tests before it 1s perfected but the 
endeavor ts in the right direction. 

Another solution could be the con- 
struction of a surge tank which would 
serve a dual purpose. In the event of 
a sudden demand, the small tank stor- 
age would be sufficient to allow the reg- 
ulators to open more slowly and pre- 
vent water hammer. Also, at night, 
when the system is operating entirely 
from the regulators, the tank would ab- 
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sorb the shock if a large consumer's 
service line valve was shut off quickly 
enough to cause a water hammer con- 
dition. The natural sluggishness of a 
regulator is such that it cannot respond 
to the decrease in demand as swiftly as 
a large service equipped with a quick- 
closing valve. 

The one phase of water hammer 
which affects all water systems, large 
and small, is that of gate closures. The 
crews used in operating gate valves are 
all instructed in the procedure for 
closure and are well aware of the im- 
portance of slow operation in the final 
25 per cent of closure. In the opera- 
tion of large valves, it is desirable to 
have a pressure gage upstream in or- 
der to observe any rise in pressure 
which might be harmful. The use of 
a pressure gage is the best method for 
controlling the closure because flows 
in trunk lines vary and it is difficult to 
estimate a definite closing time. 


Service Connections 


The problem of water hammer is also 
a consideration of the individual con- 
sumer, Complaints of water hammer 
and noise received by the Dept. of Wa- 
ter and Power are investigated by field 
inspectors who locate the source of 
trouble and recommend remedies. The 
rules and regulations governing water 
service authorize the department to in- 
spect the consumer's premises and in- 
sist upon corrective measures. Com- 
plaints of water hammer are common 
from consumers who are getting water 
through 2-in. double cast-iron services. 
This type of line, installed during the 
1920's and the early 1930's, consists 
of a 2-in. cast-iron bell-and-spigot pipe 
lateral from the street main to the curb, 
where two branch laterals, off a tee, are 
provided for adjoining properties. The 
trouble generally occurs because a 
neighbor has a faulty toilet valve or 
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faucet, or, more recently, an automatic 
washing machine or dishwasher with a 
quick-closing valve. The remedy for 
this type of water hammer is to install 
individual service pipes from the main 
in the street. By convincing the neigh- 
bor of the damage which may be done to 
his own plumbing by the chattering 
valves, he can be induced to correct the 
condition. 

In the hill areas of Los Angeles, 
many consumers use individual pres- 
sure regulators equipped with relief 
valves because of the high pressure 
in the water mains. A reasonable pres- 
sure of approximately 40 psi. is main- 
tained in the highest sections, which 
may cause a pressure of 200 psi. or 
more in the lowest areas. When the 
seats become worn, these individual- 
service regulator valves cause tremen- 
dous water hammer in the distribu- 
tion system. Surges of 100 psi. have 
been recorded, and broken mains 


within the confined area of the regu- 
lated system could be attributed to this 


cause. The remedy, again, is to con- 
vince the consumer that repairs to his 
regulator are essential to protect the 
plumbing on his premises, because, if 
his regulator is set for 70 psi., a worn 
seat may allow pressures as high as 
125 psi. should the relief valve fail. 
Large consumers, such as factories, 
laundries, railroads and meat-packing 
concerns, with their quick-closing 
valves, are a great source of water ham- 
mer trouble. In one area, two main 
breaks occurred during a single day in 
a system operating at 65 psi. A short 
time later complaints were received 
about water hammer in the area, and 
24-hour pressure recorders connected 
to fire hydrants in tke vicinity showed 
a water hammer of 40 psi. between two 
and three each afternoon. An _ in- 
vestigation of the premises of every 
business and manufacturing concern in 
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the area revealed nothing. For nearly 
two years this problem continued, un- 
til, by a stroke of luck, an inspector 
found the trouble. Suspicion had 
finally centered around a large laundry, 
although the management assured the 
department of full cooperation. One 
afternoon the inspector connected a 
pressure recorder to the plumbing. 
As he walked to the rear of the build- 
ing, he observed a workman spinning 
the wheel valve on a 2-in. gate at- 
tached to a backwash apparatus for 
cleaning the machines. The recorder 
showed the water hammer, and the 
problem was quickly solved by the 
management when it replaced the 
valve with one which could not be 
closed rapidly, The workman had 
been properly instructed but it was 
easier to spin the wheel when no one 
was looking. This incident proves 
once again that the human element is 
often the cause of water hammer diffi- 
culties. 


Fire Hydrant Testing 


The more than 25,000 fire hydrants 
in the Los Angeles water distribution 
system are tested every three months 
by members of the fire department, to 
find faulty valves and keep the hy- 
drants in excellent operating condi- 
tion. This check is not considered a 
fire flow test because of the small 
amount of water discharged. 

The rule for testing fire hydrants 
has been established for many years, 
and, with experience, methods have 
been developed to eliminate the prob- 
ability of water hammer. At first the 
fire hydrants were tested by opening 
the hydrant valve. If the valve or 
rubber was loose, however, the valve 
might slam shut, causing tremendous 
water hammer and resulting in broken 
mains, service connections, consumer’s 
plumbing and water heaters. There 
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were also many dirty-water complaints, 
hecause the hydrants were opened and 
closed before the system could clean 
out the sediment stirred up by flow 
reversal. 

The present method of testing fire 
hydrants, which is incorporated in the 
rules and regulations of the fire de- 
partment, involves a relatively simple 
apparatus, consisting of a cap that fits 
over the fire hydrant nipple, a 4-in. 
pipe, wheel valve and rubber hose, 
and a pressure gage (Fig. 2). The 
test apparatus is attached to the hy- 
drant nipple and the 4-in. wheel valve 
left open. The fireman then starts to 
open the hydrant valve slowly for one 
or twoturns. If the water begins flow- 
ing after the first turn of the spanner 
wrench, the hydrant valve is fully 
opened and then closed. If, however, 
the valve starts to chatter slightly, indi- 
cating a loose rubber, or if no water 
flows, indicating that the valve is loose 
on the stem, the hydrant is immediately 
closed, the water trouble desk is noti- 
fied and the information is radioed to a 
field crew for immediate action. 

\s the volume of water which may 
flow from this apparatus is very small, 
only a slight chatter is possible and a 
quick shutdown can be made. If the 
hydrant valve is opened too quickly 
on the first two turns by spinning the 
wrench, there is a possibility that the 
volume of water necessary to fill the 
apparatus will not have had time to ac- 
cumulate and cause a back pressure 
on the outside of the valve. This will 
allow the rubber to slam shut if it is 
loose. Should static pressure be de- 
sired, the wheel valve is closed while 
the water is flowing, and the pres- 
sure is read on the gage 

A similar apparatus, made of 1-in. 
pipe, valve and hose, is used for test- 
ing 4-in. outlets. Fire flow tests on 24- 
in. single fire hydrants are conducted 
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using a closed Eddy valve, which is 
operated after the fire hydrant valve has 
been fully opened. Fire flow tests on 
4-in. double fire hydrants employ the 
gate valve on the lateral from the main 
to control the flow. This gate valve 


.is closed, the 4-in. hydrant valve is 


opened fully, and then the gate valve is 
reopened and the flow recorded. 
Conclusion 


A water distribution system such as 
that of Los Angeles—which supplies 


Fic. 2. 


Hydrant Testing Apparatus 


many areas through pressure regu- 
lators, has many large consumers, main- 
tains more than 25,000 fire hydrants 
and has in excess of 390,000 active 
services—must always be alert to the 
possibility of water hammer. There 
are 85 permanent seven-day pressure 
recorders in the system, and the charts 
are analyzed every week for erratic 
pressures and unusual conditions. 

The problem, however, affects all wa- 
ter systems, large and small, and it is 
hoped that this paper on its practical 
aspects will be helpful. 
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Aspects of Competent Purchasing 
By H. R. LaFortune 


A paper presented on Oct. 27, 1949, at the California Section Meeting, 
Sacramento, Calif., by H. R. LaFortune, Mgr., Purchases & Stores, 
Sacramento Municipal Utility Dist., Sacramento, Calif. 


GOOD many years ago the princi- 

pal tools of the purchasing agent 
were a rubber stamp and a few catalogs, 
but this field of endeavor has come a 
long way since then. World War II 
established once and for all a definite 
place for the purchasing profession in 
business. Considering that, in the 
National Assn. of Purchasing Agents 
alone, there are over 13,000 members, 
one can well appreciate that purchasing 
has left the rubber stamp stage. The 
purchasing agent today is a specialist 
in vendor relations, thereby lending 
efficiency not only to his own depart- 
ment but to the organization for which 
he works. 

The distinction between “purchas- 
ing” and “procurement” should be 
clearly understood. For purposes of 
clarification, it may be said that pro- 
curement refers only to the obtaining 
of material, whereas purchasing in- 
volves a careful analysis of various fac- 
tors before placing an order. Profits 
can result from purchases as well as 
from sales, and profitable purchasing 
means buying the right quality and 
quantity from the right source of sup- 
ply at the right time and price. 

From the beginning it should be 
made clear that the purchasing de- 
partment is a service organization. It 
should not give orders to other depart- 
ments but, instead, should be a source of 
information and suggestions, since 


through its many contacts with vendors 
and purchasing agents, it is in a splen- 
did position to furnish or obtain the 
data required by the various depart- 
ments of the utility. 


Quality of Materials 


It is generally recognized that the 
quality of products being used is pri- 
marily the concern of the operating or 
engineering departments of an organi- 
zation, but the purchasing department 
also has a definite stake in the matter. 
It is the purchasing agent’s responsi- 
bility to learn as much as possible about 
the use of the products he purchases 
for his organization and the reasons 
why the specifications restrict the ma- 
terials to this or that quality. It is very 
much his concern if a specification is 
so restrictive as to preclude a responsi- 
ble bidder from making quotations and 
supplying the utility. 

The purchasing agent should care- 


. fully watch the reorder rate on equip- 
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ment and supplies, because it may indi- 
cate whether the quality is below the 
standard required for the job. If he 
would purchase profitably by buying 
the right quality, the purchasing agent 
should learn, through association with 
other purchasing agents and visits to 
suppliers’ factories, as well as visits to 
the plants of other users, what is be- 
ing used for similar applications. 
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The factors to be considered in de- 
termining the quality of, or specifica- 
tions for, a product include the service 
required of it, ease of installation, dura- 
bility, expected life, efficiency in opera- 
tion, availability and price. The man- 
agement should see to it that the pur- 
chasing agent sits in on all conferences 
preceding the drawing up of specifica- 
tions, because he is in an ideal position, 
through his contact with many vendors 
and his analysis of market trends, to 
recommend or suggest products that 
are available and competitive, as well 
as to prevent the writing of specifica- 
tions that would be restrictive, non- 
competitive or uneconomical. 

In this respect, the purchasing de- 
partment of the Sacramento Munici- 
pal Utility Dist. has been fortunate in 
receiving recognition as an important 
part of the organization, and sits in on 
“weekly operating committee meet- 
ings,” which bring together all depart- 
ment heads and the general manager. 
Purchasing is thus kept apprised of all 
affairs affecting policy, as well as pro- 
grams for future development of the 
district which may have a bearing on 
future requirements for materials. 
Supplementing these weekly meetings, 
the heads of the operating, engineering 
and purchasing departments confer 
each week in order to coordinate their 
activities and keep each other informed 
on their respective problems 

It is important that specifications be 
brief and complete, clearly indicating 
the use to which the product is to be 
put and providing for a definite method 
of testing and inspection. The time 
and money spent in preparing an air- 
tight specification is often wasted 
through failure to establish a definite 
procedure for testing and inspecting the 
product upon receipt. Obviously, this 
failure works to the disadvantage not 
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only of the buyer but of the more repu- 
table and scrupulous supplier as well. 

The purchasing agent should also 
call upon his supplier for profitable sug- 
gestions on how to improve quality, or 
even reduce it if the utility is buying 
a higher-quality product than the ap- 
plication requires. Capitalizing on the 
fact that suppliers and sales representa- 
tives are some of the best sources of 
information, the district now stamps its 
purchase orders, and particularly its 
requests for quotations, with the sen- 
tence: “The District invites your sug- 
gestions for any changes in specifica- 
tions or other ideas which will result 
in lowering its costs.” 


Quantity of Materials 

Quantity, like quality, has an impor- 
tant bearing on the profits that may be 
realized from good purchasing. In de- 
termining what quantity to buy, there 
are certain essential factors which must 
be considered: the time required for 
delivery, quantity price differentials, 
transportation charges, market condi- 
tions and price trends, inventory status, 
storage and interest charges on in- 
ventory, obsolescence, and changes in 
requirements. As in the determination 
of quality, conferences should be held 
periodically by the operating, engineer- 
ing and purchasing departments to 
study future requirements and possible 
expansion programs. In this way the 
purchasing agent is forewarned of fu- 
ture needs. 

It has been said that, throughout the 
United States, industry is generally 
doing a good job in purchasing but is 
not so successful in materials manage- 
ment. This term refers to the proper 


control of inventory in relation to con- 
sumption, which, of course, implies 
purchasing the most economical quan- 
tity at the right time. 


A problem of 


a 
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this nature confronted the Sacramento 
Municipal Utility Dist. when it com- 
menced operations on January 1, 1947. 
The situation was very much like that 
of a ship setting out to sea with some 
charts which were vaguely correct and 
a compass of questionable accuracy. 
With only an approximate idea of cur- 
rent requirements and no definite 
knowledge of past requirements which 
could be related to the future, the first 
year of operation was hectic at times. 
To correct this uncertainty, studies 
were made of the consumption of all 
stock materials in an attempt to fore- 
cast future needs, and this procedure 
led, eventually, to a complete change in 
the method of reordering stock mate- 
rials. 

As is common in the water works 
industry, the replenishment of mate- 
rials is often based upon visual obser- 
vation of warehouse stocks. As a re- 
sult of the studies, however, a proce- 


dure has now been established by which 
purchases are based directly on past 


consumption. <A sizable reduction in 
inventory has thus been effected, and 
stocks are daily being brought closer 
in line with actual consumption. Be- 
fore the reorder procedure was estab- 
lished, a study was made of the past 
consumption of each item ordered, in- 
cluding such information as delivery 
time, standard package quantities and 
quantity discount brackets. From these 
data, minimum and maximum inven- 
tory quantities were established and a 
reorder figure (between these limits ) 
was agreed upon. A list of all stock 
items, with the minimum and maxi- 
mum inventory quantities, was sub- 
mitted to the engineering and operat- 
ing departments for final approval and 
the procedure was put into action. 

If delivery conditions warranted, the 
maximum quantity was established as 
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a three months’ supply, with a mini- 
mum inventory of approximately one 
month. Obviously, delivery time, 
quantity discount and strikes or threats 
of strikes must influence, to some de- 
gree, the minimum and maximum 
stocks, but the inventory quantities 
agreed upon are continually being re- 
viewed and, as stated before, the pro- 
cedure has resulted in a saving of per- 
sonnel time and in the elimination of 
much red tape in the handling of requi- 
sitions. For most items, a reorder 
card is used, which is automatically 
processed, thus removing the danger 
of an item being overlooked in the 
warehouse. The cards are reviewed 
daily through the use of a “graph-a- 
matic’ * chart. Visual observation of 
stocks on hand has shown the effective- 
ness of the reorder card system. 

There are other advantages to this 
system. Specifications can be typed on 
the reorder cards, thereby reducing 
clerical errors and time spent in writ- 
ing up requisitions. The card also 
lists all acceptable suppliers of the item 
in question and furnishes a history of 
past purchases so that the buyer may 
avoid placing the order at a higher 
price. The buyer also has a record of 
promised and actual delivery dates on 
previous orders. In addition, the card 
contains monthly consumption figures, 
so that any changes are immediately 
obvious. 

In discussing this subject, the prob- 
lem of slow-moving or obsolete mate- 
rials cannot be disregarded. Since ob- 
solescence is an important factor, 
particularly in the electrical industry, 
the purchasing department submits to 
the district management a monthly re- 
port showing the quantity and dollar 
value of outmoded items. Before any 


*A trade name of Remington Rand, Inc., 
New York. 


4 
re 
a 
| 
: 
. 


378 H. R. 


new item is added to inventory, the 
engineering or operating department 
requesting it might well be asked to pro- 
vide for the disposal of the materials 
which it may replace. This practice 
would help considerably to prevent an 
inventory of obsolete materials. 


Sources of Supply 


Profitable purchasing from the right 
source of supply is one phase of activ- 
ity in which the purchasing department 
may definitely prove its worth as a 
All of the econo- 
be effected 


service organization. 
mies that may otherwise 
will be lost if a supplier in whom con- 
fidence has been placed fails to produce 
the necessary item at the required time. 
Establishing proper sources of supply 
is certainly one of the most important 
functions of purchasing and requires 
the purchasing agent's most careful 
study. Before establishing a source ot 
supply, the following steps are recom- 
mended : 

1. Check with other buyers or the 


local purchasing agents association for 
recommendations on good sources of 


supply. 

2. Atter selecting several sources, 
have the credit department examine 
their financial status. 

3. Decide how much of the utility’s 
business it is desirable for a single sup- 
plier to have. It is important that 
purchases should be neither too con- 
centrated nor too dispersed 

In making a careful selection, the 
purchasing agent should visit the sup- 
pliers’ plants whenever possible, study 
their operations and learn their prob- 
lems. By so doing, he may find a pe- 
culiarity in the utility’s own specifica- 
tions which requires special treatment 
by the supplier, resulting in higher 


prices. The purchasing agent should 
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know the total production figures for 
the material in question and what per- 
centage of that total is the supplier’s 
share. Ii there is a trade association for 
suppliers of the particular material, the 
purchasing agent should learn what its 
price policies are. 

In addition to the financial status, 
the financial report on the supplier may 
also indicate whether the firm is affi- 
liated with another source of supply. 

In locating sources of supply, the 
purchasing agent can make use of his 
own records ; information obtained from 
the National Assn. of Purchasing 
Agents or local affiliated associations ; 
various business directories (1-5), cata- 
logs and trade journals ; railroad freight 
data; chambers of commerce; and di- 
rect contact with the vendor. 

While discussing suppliers, some 
thought should be given to supplier- 
buyer relations. Close cooperation be- 
tween salesman and buyer is important 
to both parties. It is highly question- 
able whether the purchasing agent 
should receive favors from salesmen, 
but, if the purchasing agent takes 
the salesman out to lunch now and 
then, it certainly should not hurt the 
friendly spirit that ought to exist be- 
tween them. In this connection, there 
is no more reason why a salesman 
should send a gift to the purchasing 
agent than the other way around. 
Both are doing their jobs to the best 
of their ability and a gift seems super- 
fluous and unnecessary. The district 
has therefore politely requested sup- 
pliers not to send presents to its 
employees. 

Special visiting hours for salesmen 
should be avoided. When one calls, 
he should be received promptly and 
courteously, and the interview should 
be concluded in a reasonable length of 
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time. If it is difficult for the salesman 
to see the purchasing agent or his staff 
of buyers, the salesman’s time is less 
efficiently used, which will ultimately 
be reflected in the cost of that com- 
pany’s products. 


Timing of Purchases 


Sufficient quantities of material must 
be on hand when required, and, if 
possible, purchases should be so timed 
that any fluctuation or seasonal varia- 
tion in price will be to the advantage 
of the buyer. The purchasing agent 
must, to the best of his ability, be in 
a position to forecast prices and price 
trends, as well as supply and demand 
relationships. He must study markets 
and financial trends, government regu- 
lations and manipulation of prices, 
wages and price levels, and he should 
continually be on the lookout for better 
and cheaper materials, in addition to 
better sources of supply. 

If material must be purchased at the 
price in effect at the time of shipment, a 
deescalator clause should be inserted in 
the agreement, stating that the price 
quoted will be the maximum and any 
reduction prior to shipment will be 
passed on to the buyer. 

It must be remembered that no sav- 
ing or improvement made through 
timely purchasing will be justified in 
the eyes of management if the mate- 
rials are not on hand when required. 
As a service organization, one of the 
first objectives of the purchasing de- 
partment must be to have what is 
needed where and when it is needed. 


Price Considerations 


The question of price has been left 
for the last because, unfortunately, 
price is too often given prime consid- 
eration, with the result that quality, 
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service and other aspects are over- 
looked. There is little gained from 
purchasing at a superficially cheap 
price to the detriment of the quality 
and life of the product. At present 
labor charges, replacement of equip- 
ment and materials is indeed costly, 
and careful thought should be given 
to the rate of replacement (because of 
poor quality) of one product com- 
pared with another. 

Competition is the life of trade, and, 
in the author’s opinion, competitive bids 
should be obtained before a purchase 
order is issued. It is fallacious, how- 
ever, to consider price, by itself, as an 
indicator of quality. It must be remem- 
bered that a high price may show that 
a supplier is inefficient in operation, 
that his overhead expense is too great, 
that he spends too much on advertising 
or that he is not competitively located. 


Centralization of Purchasing 


From the foregoing it can be seen 
that purchasing must be given an im- 
portant place in an organization if it 
is to operate to the best of its ability. 
If management expects the best from 
the purchasing department, it must 
centralize all purchasing responsibility 
in that department. Decentralization 
only undermines its effectiveness. 

According to a report (6) issued 
by the National Industrial Conference 
Board in 1948, it is generally recog- 
nized that centralizing responsibility 
for purchasing in one department [1] 
tightens control of buying activities 
and permits their coordination; [2] 
aids standardization of procedures and 
performance; [3] allows production, 
engineering, sales and other executives 
to concentrate attention on their own 
jobs; [4] permits employment of buy- 
ing specialists who know materials, 
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markets and procedures; and [5] 
makes it possible to integrate procure- 
ment activities with closely related 
functions, such as storekeeping. 

That management is beginning to 
realize more and more the importance 
of centralized purchasing is shown by 
the fact that 34 per cent of all pur- 
chasing department heads now report 
to the company’s president and an- 
other 38 per cent report directly to 
vice presidents. 


Summary 

The advantages of competent pur- 
chasing have been well summarized in 
the National Industrial Conference 
Board report (6): “A competent pur- 
chasing department, properly backed 
up by management and with the sin- 
cere cooperation of other departments, 
can make a valuable contribution to 
the company’s progress. It can reduce 
material costs by buying from the 
proper sources, at the right time, in 
economical quantities. It is in a posi- 
tion to help maintain quality of product 
by procuring materials which will ex- 
actly fill specific needs. It can also 
assure a continued flow of needed 
materials to meet production require- 
ments, while at the same time keeping 
inventory carrying costs at the lowest 
level consistent with safety. 
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“A progressive purchasing force can 
promote good will for the company in 
its contacts with other concerns. It 
can reduce production costs by encour- 
aging criticisms and suggestions from 
vendors. It should continually put 
production and engineering executives 
into contact with new products and 
sales representatives with profitable 
ideas. Finally, an efficient purchasing 
department can contribute to the for- 
mulation of general company policy 
because of its access to up-to-date in- 
formation on market trends, general 
business conditions and the supply out- 


look.” 
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The California Water Plan 
By William L. Berry 


A paper presented on Oct. 27, 1949, at the California Section Meeting, 
Sacramento, Calif., by William L. Berry, Sr. Hydr. Engr., Div. of 
Water Resources, Dept. of Public Works,, Sacramento, Calif. 


N the spring of 1948 a portion of 

California suffered severe rationing 
of electrical power, largely as a result 
of unseasonable drought. One of the 
important metropolitan areas of the 
state is today escaping a disastrous wa- 
ter shortage only because of the fortui- 
tous and timely arrival of Colorado 
River water through a newly con- 
structed aqueduct. The use of water 
has been rigidly restricted in several 
California cities. Many ground water 
basins are heavily overdrawn, some to 
an extent which threatens their con- 
tamination and permanent impairment, 
with consequent great economic loss to 
agricultural and municipal enterprises 
dependent on them. Recurrent 
droughts and the unprecedented growth 
of population and industry have com- 
bined to demonstrate once again that 
water is the most vital and most limit- 
ing resource. 

California is faced with the urgent 
necessity of examining the nature and 
adequacy of its water resources, and of 
planning to meet future requirements. 
Public agencies—federal, state and lo- 
cal—recognize the importance of the 
problem and are vigorously attacking 
it. This paper will briefly outline the 
progress of current investigations and 
planning on the part of the state to- 
ward the eventual solution of Cali- 
fornia’s water problems. 


Prior Studies 


Because they are related to present 
water resources investigations, it is ad- 
visable to review briefly certain past 
efforts of the state to solve its problems 
of water conservation, control and uti- 
lization. In 1921 the “California Wa- 
ter Resources Investigations” were ini- 
tiated under legislative authority, and 
further investigations were authorized 
in 1925 and 1929, and were carried out 
under the direction of the state engi- 
neer. The resultant report to the 1931 
legislature summarized water resources 
and requirements throughout Cali- 
fornia and presented and justified the 
“state water plan.” The plan con- 
sisted of a number of projects which in 
the aggregate constituted a coordinated 
program for conservation, control and 
utilization of the water resources of 
the state, capable of development and 
construction by units, and of variation 
as necessity dictated. 

Several major features of the state 
water plan have already been imple- 
mented. These include water conserva- 
tion and flood control works in the 
Santa Ana River Basin, diversion and 
transmission of Colorado River water 
to the South Coastal Basin for the 
Metropolitan Water Dist. of Southern 
California and its distribution there for 
municipal use, and the Central Valley 
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Project for coordinated development 
of water resources present in that area. 


Need for Further Planning 


Although investigations leading to 
the formulation of the state water plan 
were conceived as comprehensive and 
statewide in nature, they were never 
fully carried out. All phases were not 
considered for certain areas of the state, 
and important projects were omitted 
and left for further study. Moreover, 
although adopted by the legislature in 
1941, the state water plan was actually 
formulated in 1931 and based on inves- 
tigations and studies conducted in the 
1920’s. Since 1931 the population of 
California has nearly doubled, and the 
need for flood control, conservation and 
power has pyramided. The dams, ca- 
nals, power plants and flood control 
works, which Californians regard with 
justified pride, are often inadequate 
even for present requirements. 

By 1947 the need for a review of 
the state water plan was apparent. 
The legislature, in recognition of this 
fact, and acting upon recommendations 
of the State Water Resources Board, 
provided funds for the program of state- 
wide water investigations now being 
conducted by State Engr. Edward Hy- 
att and his staff. These investigations, 
under the direction of the State Water 
Resources Board, have as their objec- 
tive the preparation of a plan for the 
full conservation, control and _ utiliza- 
tion of California’s water resources, 
both surface and underground, to meet 
present and future water needs for all 
beneficial purposes and uses in all areas 
of the state, insofar as practicable. 
This plan, since it is to be of truly state- 
wide scope, has been designated the 
“California Water Plan.” 
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Present Investigations 


The statewide water investigations 
involve three general study phases: in- 
ventory of water resources; determi- 
nation of present water use and ulti- 
mate requirements; and, finally, de- 
velopment of the California Water 
Plan to meet those requirements. It 
is planned to present the results of the 
investigations in four printed bulletins. 

Bulletin No. 1, entitled “Water Re- 
sources of California,” will include tab- 
ulations of natural runoff at 300 sta- 
tions, covering approximately 90 per 
cent of the total runoff of the state for 
each season during the 53-year period 
1894-1947. It will also set forth the 
53-year calculated means for the re- 
maining 10 per cent of unmeasured 
runoff. These studies, and a plate 
showing the locations of gaging sta- 
tions and drainage boundaries within 
the state, together with a preliminary 
draft of the text describing methods 
used in determining unimpaired runoff, 
have been completed. A tabulation of 
precipitation records for Bulletin No. 
1, at 1,500 stations for the 53-year pe- 
riod, a draft of the explanatory text and 
eight accompanying plates, including 
an isohyetal map of the state showing 
the distribution of precipitation, have 
likewise been completed. Flood fre- 
quencies at 150 locations on principal 
streams have been determined, and ac- 
companying plates for the bulletin have 
been made for about 95 per cent of the 
locations. An inventory on the quan- 
tity and quality of sewage effluent and 
industrial waste water from major 
sources exported to the ocean has been 
completed for the San Francisco Bay 
area and is about three-fourths finished 
in Southern California. Work is un- 
der way on a statewide study of the 
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inherent chemical characteristics of sur- 
face and ground waters. Field and of- 
fice work on the inventory of water re- 
sources was to have been completed by 
the end of 1949 and it is contemplated 
that Bulletin No. 1 will be published 
shortly. 

Investigations and studies for Bul- 
letin No. 2, a determination of present 
water utilization and ultimate water 
requirements throughout California, are 
approximately half completed. This 
work includes the collection and com- 
pilation of data on land use and culture 
for present and potential water service 
areas, embracing about 40,000 square 
miles, supplemented by field surveys in 
those areas where information is inade- 
quate or not available. Because of the 
importance of the three great urban 
centers, the San Francisco Bay, Los 
Angeles and San Diego metropolitan 
areas, special surveys afid studies are 
being conducted there to determine 


present water utilization, supplies avail- 
able under existing water rights and 
developments, and probable ultimate re- 
quirements for agricultural, domestic, 


industrial and other beneficial uses. 
Studies of ultimate water requirements 
involve the evaluation of potentialities 
for water utilization in areas not now 
under water service, and of present de- 
ficiencies in areas with inadequate sup- 
plies. They include projections of 
present use patterns to the ultimate and 
determination of water consumption 
factors for each type of culture. Full 
use is being made of existing planning 
data compiled by public planning 
agencies throughout the state. 
Bulletin No. 3 will present and jus- 
tify the elements of the California Wa- 
ter Plan necessary to meet the require- 
ments outlined previously. Toward 
this end, preliminary reconnaissance 
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and geological examinations are being 
made at 150 dam and reservoir sites 
which are presently under considera- 
tion. Approximately 40 per cent of 
this work has been completed. A num- 
ber of these sites have also been sur- 
veyed, and field reconnaissance is under 
way to determine other potential sites. 
Location surveys have been run for pos- 
sible conduit routes from the Sacra- 
mento—San Joaquin Delta to the East 
Bay area and Santa Clara County, and 
for an extension of the Contra Costa 
Canal to the Pinole-Richmond area. 
Paper locations and field reconnais- 
sances of various canal routes have been 
made, including a project to divert an 
ultimate water supply to the west side 
of the San Joaquin Valley, and a multi- 
ple-purpose project to effect complete 
flood control, water conservation and 
drainage in the Tulare Lake Basin. 
Data on hydroelectric power for most 
of the Sierra and north coastal streams 
have been collected from previous stud- 
ies and reports. Detailed power stud- 
ies have been initiated on the north 
coastal streams, including geologic in- 
vestigation of potential dam _ sites. 
Plans presented in Bulletin No. 3 will 
consider the results of studies, now 
under way, on methods and costs of 
treatment to reclaim, for agricultural 
and industrial purposes, the sewage 
effluent and industrial waste waters 
presently exported to the ocean. The 
projects of the California Water Plan 
will also consider water quality prob- 
lems and their solution. 

It is contemplated that Bulletin No. 
4 will constitute a summary report on 
the earlier bulletins and a restatement 
of the California Water Plan. If the 
present tempo of the statewide water 
investigation is maintained, this final 
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bulletin should be published during the 
fiscal year 1951-52. 

Supplementing the statewide water 
study, cooperative investigations are 
being conducted, pursuant to agree- 
ments with local agencies, in areas 
where special problems require im- 
mediate, detailed examination and early 
solution. Such investigations in the 
counties of Sutter, Yuba, Monterey, 
Santa Cruz and Santa Clara, and in the 
Calaveras River area in San Joaquin 
County, are nearing completion. In- 
vestigations in Livermore Valley, the 
Mokelumne River area and Lake 
County will be completed im 1950. 
An investigation in Placer County ts 
planned for completion in 1951, and 
steps have been taken by local interests 
to initiate similar studies in southern 
Alameda County and in the Farmington 
area in San Joaquin County. In ad- 
dition, the Div. of Water Resources is 
conducting special investigations of the 
mountainous areas of the state and of 
the Santa Ana River Basin, both of 
which are coordinated with the state- 
wide investigation. One portion of the 
statewide water study, which is being 
conducted cooperatively by the U.S. 
G.S. Ground Water Branch, is a de- 
termination of the geologic features of 
ground water basins, including under- 
ground storage capacity within eco- 
nomic pumping lifts. Detailed studies 
are being made of those ground water 
basins of the state where little or no 
such work has been done in the past 

Since it relates to the preservation of 
water resources, mention should be 
made of recent legislation on the con- 
trol of water pollution. Legislative 
acts of 1949 vest control of water pol- 
lution in nine regional and one state 
board. The regional boards, consisting 
of five appointed members, have broad 
advisory and coordinating powers and 
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may prescribe and enforce requirements 
relative to any condition of pollution 
or nuisance, existing or threatened. 
The state board, made up of nine ap- 
pointed members and four state officers, 
including the state engineer, allocates 
funds, provides loans and formulates 
statewide policies. Among the state 
agencies charged with specific respon- 
sibilities under the legislation is the 
Div. of Water Resources, which is di- 
rected to investigate, report and make 
recommendations on the quality of wa- 
ters, reclamation of water from sewage 
or industrial wastes, minimum stand- 
ards of well construction and damage 
to ground waters caused by defective 
or abandoned wells. Drillers are re- 
quired to file well logs and other data 
pertaining to new or reconstructed 
wells. The state has thus recognized 
the threat of water pollution and as- 
sumed responsibility for maintaining 
the quality of its water resources. 


Objectives of Plan 


The California Water Plan must pro- 
vide for all the known uses of water— 
navigation, irrigation, municipal and 
industrial supplies, hydroelectric power, 
mining, recreation and preservation of 
fish and wildlife—as well as for the 
preservation of water resources through 
the control of floods, soil erosion, sa- 
linity and pollution. The plan must in- 
clude multiple-purpose basin and trans- 
basin developments, involving complex 
problems of many kinds—technical, 
financial and legal. 

In brief, it may be said that Cali- 
fornia’s water problem is twofold, in- 
volving, first, the conservation and uti- 
lization of water resources, and, sec- 
ond, the control of floods. The problem 
of flood control is important in all 
sections of the state, and its solution 


j 
4 
4 


April 1950 


requires the construction of detention 
reservoirs, levees, revetments and by- 
pass channels. Conservation and flood 
control works can often be combined, 
but a complete solution of the problem 
of flood control may require separate 
works in addition. 

California’s water conservation and 
utilization problems are chiefly geo- 
graphical in nature. By far the larger 
part of the supplies are found in the 
north, while the great demands—agri- 
cultural, industrial and municipal—are 
in the central and southern portions of 
the state. It is apparent that the solu- 
tion lies in the transportation and ex- 
change of water, generally from north 
to south, and that the plan must in- 
clude the construction of surface stor- 
age reservoirs and the utilization of the 
great ground water storage capacity 
of the valleys for regulating stream 
flow. Conduits, pumping plants and 
distribution systems will be required, 
and incidental features of the plan will 
provide for the development and trans- 
mission of hydroelectric power for proj- 
ect purposes and to help meet the grow- 
ing demands of the state. Conservation 
features will in themselves furnish a 
substantial measure of flood control, as 
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well as salinity control, improvement 
of navigation, recreation, support of 
fish and wildlife and other beneficial 
uses. 

It is contemplated that the California 
Water Plan will provide a_ solution 
to the major water problems of each 
section of the state. There is some 
speculation at this time on the ade- 
quacy of California's water resources 
to meet future needs. The federal 
government is presently conducting a 
preliminary investigation to determine 
the feasibility of bringing water from 
the Columbia River to supplement Cali- 
fornia’s supplies. Although the state- 


wide water investigation is only par- 
tially completed and the California Wa- 
ter Plan has not yet been formulated, 
the inventory of water resources and 
estimates of ultimate requirements so far 
made indicate that adequate water sup- 
plies can be developed from the state’s 


water resources—including California's 
rights in the waters of the Colorado 
River—and regulated in available sur- 
face reservoir sites and in ground wa- 
ter basins to meet the probable ultimate 
requirements without resort to impor- 
tation from the Columbia River. 
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Tennessee Rate Changes Since 1947 


By Charles L. Crangle 


A paper presented on Nov. 1, 1949, at the Kentucky-Tennessee Section 
Meeting, Lexington, Ky., by Charles L. Crangle, Acting Director, Div. 
of State Planning, State Planning Commission, Nashville, T enn. 


ay the fall of 1947 the Tennessee 
State Planning Commission sur- 
veyed a majority of the cities and towns 
of the state to determine the rates and 
charges currently in effect for water, 
sewer and garbage collection service 
A second study (1) of a similar na- 
ture was undertaken in 1949. These 
surveys were in line with other fiscal 
studies in the field of public works 
which the commission's Div. of State 
Planning has from time to time under- 
taken in order to aid Tennessee muni- 
cipal officials with concrete, overall data 
on municipal facilities. 


Findings of Survey 


The 1947 study was an interesting 
one, particularly from the standpoint of 
the data obtained on municipal water 
rates. This was the first comprehensive 
study that had ever been made of such 
municipal charges in Tennessee, and 
one of the first in the United States. 
The report demonstrated that, in theory, 
few Tennessee communities charged 
adequately for the water service they 
were rendering. Although national ex- 
perts in the field of water rates, for ex- 
ample, agreed that the cost of supplying 
2,500 gal. to a customer in a community 
of under 1,000 population should aver- 
age from $3.00 to $3.50 a month, in 
Tennessee the average bill was only 
$1.74, with rates ranging from $1.00 to 
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$2.75 a month for the same population 
bracket. 

It was recognized that water service 
should become increasingly cheaper as 
larger populations were served, but, over 
the entire range, rates varied little among 
the communities of the state and were 
remarkably low. A number of explana- 
tions of these low rates have been ad- 
vanced; perhaps the most pertinent, 
aside from failure to consider the cost 
of service, are, first, that many of the 
systems had been constructed more 
than 20 years before, at a time when 
costs were much less than in 1947, and, 
second, that a number of the plants 
were built during the depression years 
with federal aid from the WPA and 
PWA, the federal government financ- 
ing up to 45 per cent of the total cost. 
Tennessee municipal water bills often, 
therefore, did not represent a need to 
pay off any sizable bonded indebted- 
ness. A third possible explanation is 
that few water systems were found to 
have set up any fund to care for depreci- 
ation or deferred maintenance despite 
already rising costs. Attention was 
called in the report to the fact that the 
1947 reproduction cost of most of the 
systems discussed would have required 
rates more than double those effective 
at the time. 

In 1947 there was evidence that, dur- 
ing the war years and their immediate 
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aftermath, little in the way of improve- 
ments and extensions to Tennessee mu- 
nicipal water systems had been under- 
taken. The 1947 report further indi- 
cated, therefore, that increased costs of 
such improvements would have to be 
taken into consideration in future years. 

The remarks made above would seem 
to imply that Tennessee municipal wa- 
ter rates in 1947 had been static for a 
number of years and had failed to re- 
flect rising costs. Yet, surprisingly 
enough, the majority of the rates stud- 
ied were only about ten years old. 
While 56 per cent of the reporting com- 
munities had rates established prior to 
1941, only 16 per cent were employing 
rates which had become effective prior 
to 1929. Consequently, it might be said 
that in 1947 Tennessee municipal wa- 
ter rates were generally not too far be- 
hind the times chronologically, but 
years behind from the standpoint of 
good business administration. The 
State Planning Commission’s 1947 re- 
port on municipal water charges closed 
with a plea for careful study of water 
rates by the operating municipalities 
and the adoption of such increases as 
seemed necessary to meet the increased 
costs of current service. 

So much interest was manifested in 
the 1947 report, both within and with- 
out the state, that it was decided early 
in 1949 to revise the publication. <Ac- 
cordingly, every water system in the 
state was again queried, and the revised 
report was published in October 1949 
(1). It is now possible to make cer- 
tain comparisons which chart the 
changes in Tennessee municipal water 
rates that have come about since 1947. 


Rate Trend 


Generally speaking, either as a result 
of the advice given in the earlier re- 
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port or in response to the conditions it 
forecast, Tennessee municipal water 
rates have risen during the period 
1947-49. Sometimes the formula for 
the increases was quite obviously based 
on the supposed public attitude rather 
than on the actual revenue needs of the 
water system. The increases have, 
however, been halting, evidently under- 
taken only when forced upon municipal 
officials by the pressing need for rev- 
enue and then probably not nearly 
great enough. Since the rates generally 
increased all along the line in about the 
same proportion, regardless of popu- 
lation size, the variance among the en- 
tire range of rates remained approxi- 
mately the same as in 1947. In a few 
systems, the water rates were actually 
decreased during this period. 

In a number of systems, the increase 
in rates has been quite marked. New 
systems put in operation since 1947 
have found it necessary to charge rates 
much higher than those generally 
prevalent among the older ones. For 
example, the town of White Pine, with 
a population of approximately 500, for- 
mally opened its water system in April 
1949. The supply comes from a well, 
and treatment is limited to chlorine 
disinfection. The minimum bill is $2.50 
for 3,000 gal., the next 3,000 being 
billed at 60¢ per 1,000, the next 5,000 
at 50¢ per 1,000 and the balance at 40¢ 
per 1,000. Of 60 other Tennessee 
communities in the same population 
bracket as White Pine, only two re- 
ported minimum charges equally high, 
and not even these two communities 
had above-minimum rates nearly as 
high as White Pine’s. 

The rate schedules of municipally 
owned water systems in Tennessee are 
not under the supervision of any cen- 
tral state agency, although the state 
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health department has a measure of 
authority over the operation and main- 
tenance of the water plant. Privately 
owned water systems, however, come 
under the jurisdiction of the Tennessee 
Railroad and Public Utilities Commis- 
sion, and their rates can be altered 
only by action of this state board after 
a public hearing. Petitions to this 
agency during 1949 would indicate that 
private water companies—which have 
all the problems and difficulties of pub- 
licly owned utilities—are well aware 
that they cannot continue to operate in 
a businesslike manner and produce even 
a token profit under the rates effective 
before the war. Accordingly, a num- 
ber of the privately owned systems have 
asked for general increases in their rate 
schedules, and the commission has usu- 
ally found it necessary, in simple equity, 
to grant the requests. The privately 
owned water system, like other public 
utilities in private hands, cannot sim- 
ply close down when operation is un- 
profitable ; on the other hand, few own- 
ers of such systems can afford to keep 
them in good operating condition and 
make the necessary extensions with- 
out additional funds. 

In one case heard by the utilities 
commission in 1949, it was demon- 
strated that a small water company 
serving approximately 400 homes had 
suffered a net loss of more than $1,200 
during the past fiscal year. Moreover, 
the sale of taps and other income in ad- 
dition to that from normal operations 
happened to be unusually large during 
1948. Had it not been for this extra 
income, which could not be expected 
to continue at such a high level, the 
net loss would have amounted to very 
nearly $2,500. The owner of this sys- 
tem is understandably anxious to be 
relieved of the burden and has offered 
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to make a gift of the system to the mu- 
nicipality, but, because the community 
is unincorporated, the chances of thus 
solving his dilemma appear remote. 
There is, of course, little sale value in 
such a financial millstone. 

Just as privately owned water sys- 
tems are expected to show a profit, so 
municipally owned systems should at 
least make sufficient money to pay their 
own way, a condition which is met less 
often than it should be. A number of 
municipal water systems, the author is 
convinced, manage to continue in opera- 
tion only because they are subsidized 
from the general funds of the com- 
munity. No private business could 
manage to get by in this manner. 


Need for Review 


The planning commission's two stud- 
ies in the field of Tennessee municipal 
water rates have demonstrated one need 
above all others—the necessity for a 
general review of the administration of 
local water systems. A number of mu- 
nicipal water rate schedules definitely 
need to be increased if the systems are 
to meet higher operation and replace- 
ment costs. Many water plants which 
formerly made sufficient profit at their 
old rates to pay for both depreciation 
and expansion now find that, with the 
upward swing in the cost of materials, 
labor and normal maintenance, the 
profits have either greatly decreased 
or else become completely nonexist- 
ent. The majority of citizens, and 
a good many city officials as well, 
fail to realize that a safe margin of 
funds for replacement and new con- 
struction no longer exists in most mu- 
nicipal water systems. It is usually a 
shock, when new construction or ma- 
jor repairs become necessary, to dis- 
cover that all available funds have been 
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used up in normal operations and that 
there is no excess to help meet the con- 
templated new expenditures. 

The best method of expanding and 
improving municipal water systems is, 
of course, through the use of current 
revenues or accumulated funds. This 
procedure is only about half as expen- 
sive as issuing bonds to finance the 
same amount of work, but few, if any, 
Tennessee municipalities have reserve 
funds for such purposes today. As a 
result, a large number of municipal wa- 
ter bond issues, both of the revenue and 
of the general-obligation type, have 
been sold in this state since the end of 
the war. 

It is important to realize that the 
average interest rate on municipal bonds 
has been steadily increasing since 1946 
and that it is now more than twice what 
it was in the spring of that year, when 
interest rates on municipal bonds 
reached their lowest ebb. Because of 


this rise in interest rates, the financing 
of water works improvements is further 
complicated; such financing must to- 
day contend not only with an increased 
cost of materials and labor, but with 
the increased cost of borrowing money 


as well. Higher water rates at the 
present time, with the resultant pos- 
sibility of putting aside a water works 
reserve fund for future improvements, 
will make unnecessary at least some 
municipal water works bonding in fu- 
ture years. Had such funds been ac- 
cumulated in the past, many water de- 
partments would not now be saddled 
with heavy bond issues. 

Among other important reasons for 
considering municipal water rate in- 
creases at the moment is the heavy 
growth of urban population. Tennes- 
see is an expanding state industrially, 
and there is every indication that its 
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municipal population is growing in pro- 
portion. It must be realized, however, 
that this new population growth is not 
likely to be in the older sections of com- 
munities, where adequate water lines 
are already provided. Rather, the pop- 
ulation rise will usually be found in 
newly developed suburbs which require 
the extension of municipal water lines. 
The result of population increases, 
therefore, means more operating ex- 
pense for the water works, as well as a 
heavy capital investment at a period of 
top construction costs. 

Additionally, the increased industrial 
progress of Tennessee has led to de- 
mands for more uniform types of water 
with more constant pressures, and of- 
ten for enlarged distribution and stor- 
age facilities. All of these factors have 
increased the cost of water service to 
such a degree that the older rates are 
no longer able to supply the required 
revenue. 

There are undoubtedly a number of 
municipal water systems which require 
good administration more than they do 
any rate increase. It should be recog- 
nized that inefficiency in plant opera- 
tion and poor record-keeping can run 
up the cost of municipally produced wa- 
ter, and in turn make higher rates nec- 
essary. This unfortunate sort of opera- 
tion can be corrected by competent lo- 
cal officials, and the possibility of such 
loss of revenue should at least be ex- 
plored before real attention is turned to 
the idea of increasing rates. 


Diversion of Funds 


Water rates often need to be in- 
creased, too, because of the practice of 
diverting water revenues into the mu- 
nicipal general fund. Although this 
practice has been condemned for a long 
time, it is the rule rather than the ex- 
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ception. This situation must be faced 
in discussing water rate changes. Many 
new rate schedules have gone into effect 
in Tennessee during the last couple of 
years because the municipality needed 
additional revenue and water depart- 
ment funds were an easy source. Fund 
diversion is so hidden behind a smoke- 
screen of debits and credits that it is 
seldom recognized for what it is. Fre- 
quently municipal officials will not ad- 
mit in so many words that water rates 
must be increased in order to give them 
additional money with which to run the 
city. Instead, the usual practice is first 
to divert as much of the water depart- 
ment funds as possible. Then, since no 
money remains in the departmental 
treasury to pay for extensions and other 
improvements to the system, it becomes 
obvious to all that, if these improve- 
ments are to be made, they will have to 
be financed, and financing means in- 
creasing the water rates. 

Some will say that it really makes 
very little difference whether the citi- 
zens pay the cost of running their city 
government from the property tax or 
by way of the water bill. It seems to 
the author, however, that it is time the 
citizens grew up; if they believe it more 
painless to pay for city government 
through water rates, well and good— 
but let the fact be publicized and let 
them recognize what their money is go- 
ing for. All sorts of items are attached 
to water bills today. In one city an 
overall hospitalization plan was financed 
by adding the charge to the water bill. 
If the practice of hiding the additional 
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cost of city government beneath the 
label, “Monthly Water Bill,” were 
stopped, a number of municipalities 
would not need to increase their present 
water rates. 


Conclusion 


In Tennessee, as in most other parts 
of the nation, there has been a recog- 
nizable tendency toward increasing mu- 
nicipal water rates since the end of the 
war. For possibly a majority of the 
systems, this increase has been neces- 
sary because of the increased cost of 
operation and maintenance and the 
rising demand for additions and ex- 
tensions. On the other hand, the 
rates of many systems might have re- 
mained at their former level had econ- 
omy and good operation been faithfully 
practiced. Again, a number of rates 
were probably forced upward because 
of the increased diversion of local water 
revenues by various municipal govern- 
ments. 

Municipal water rates are climbing 
generally all over the country, in line 
with the trend for most other commodi- 
ties. But, after careful study of Ten- 
nessee municipal water rates and of 
the rates of a large number of cities 
throughout the nation, the author has 
concluded that water is still about the 
cheapest municipal service which the 
citizen gets. 
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Elements in the Rate Structure 
By Merrill L. West 


A paper presented on Nov. 1, 1949, at the Kentucky-Tennessee Section 
Meeting, Lexington, Ky., by Merrill L. West, Chief Operator, Water 


Purif. Plant, Kingsport, Tenn. 


F a dozen men were given identical 

data on a newly designed water sys- 
tem and asked to develop a rate struc- 
ture, no doubt twelve different sched- 
ules would be submitted. One reason 
for this variation would be that the ac- 
tual cost of the water produced and de- 
livered could not be known until the 
plant was in operation. When a water 


system is provided for a community 
which previously has not had a public 
supply, it is, of course, necessary to es- 
tablish rates based on experience and 


good judgment. If the revenue is suffi- 
cient to meet expenses, the rates thus 
set frequently remain unchanged even 
though they may not remain fair or 
sound. 

Most water works officials, however, 
do not have to start with a new system, 
but have the advantage of knowing ap- 
proximately what the annual require- 
ments will be, in both water to be sup- 
plied and expenses to be met. Perhaps 
the word “advantage” should read “dis- 
advantage,” as these men frequently see 
the expense total rapidly approaching 
the revenue total and wonder if in- 
creased rates will be necessary to keep 
the red ink off their ledgers. That such 
a condition is not unique is indicated by 
the fact that more than 50 Tennessee 
communities have revised their rates 
in the last three years (1). Ifa change 
of rates appears necessary, it is most 
important to examine not only present 


and anticipated costs and income, but 
also the possibility of changing the 
methods of bringing in revenue. 

There are two common ways of 
charging for water: by flat rate and by 
metering. The former is practical 
where a large .nd economical water 
supply is available—for example, a 
large spring requiring no treatment and 
so located that it furnishes a gravity 
supply to the town. A very small sys- 
tem may also find it more economical 
to furnish an excess of water than to 
install and operate a metered system. 
These instances are few, however, and 
for most systems metering is the only 
logical way to charge for water. 

An additional source of revenue for 
systems which provide fire protection 
is a charge for this service paid by the 
city to the water utility. Although as 
much as 50 per cent of the cost of the 
distribution system may be for fire 
protection, it is difficult for a municipal 
system to collect charges in proper pro- 
portion. A recent study (2) of five 
municipal supplies in New Jersey shows 
that only 1.6 per cent of revenue is de- 
rived from fire protection, whereas pri- 
vate supplies in five other communities 
received 13.5 per cent for this service. 
The water department which needs ad- 
ditional revenue will probably have to 
look elsewhere for most of its increased 
income, 
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Rate Steps 


As most systems have to depend on 
revenue from metered water, it is es- 
sential to consider the meter rates. The 
principle of lower prices for large quan- 
tities of almost any commodity is well 
Even children know about 
“the large economy size,” whether it 
is breakfast cereal or toothpaste. The 


understood. 


water works field should be a prime ex- 
ample of this trend because of the large 
capital investment required, with con- 
sequent high fixed charges, as against 
the low cost of processing, measuring 
and delivering the actual commodity. 
A sliding scale of three or four steps is 
usually all that is required—consump- 
tion being classified as “domestic,” 
“commercial,” “industrial” and, pos- 
sibly, “wholesale.” 

The practice in many cities of having 
ten or twelve steps in the rate schedule 
seems to be unnecessary. (ne exam- 
ple is a community where 12,000 gal. 
of water costs $5.84. Eleven different 
steps were involved in computing this 
figure. If the nine intermediate steps 
were removed, the cost of the 12,000 
gal. would be $5.30, or a drop of only 

It is generally accepted that an equi- 
table rate structure is one in which each 
class of customer pays for all the costs 
of the water served to that class. No 
group should be overcharged or served 
at a loss. It is also generally agreed 
that at least three types of costs should 
be collected from each customer, repre- 
sented by a service charge, a demand 
charge and a cost-of-water charge. 

The service charge should be divided 
equally among all customers, since each 
connection, regardless of size, requires 
individual meter reading, billing and 
collecting. 
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Demand Charge 


The “demand” or “ready-to-serve” 
charge is variable, depending on the 
requirements of the individual custo- 
mer. If he has a large service connec- 
tion, he, in effect, ties up a certain per- 
centage of the system’s capacity, even 
though most of the time he uses only 
Ordinarily 
the utility collects this demand charge 
by establishing minimum monthly rates 
for each size of meter in use, the rates 


a small amount of water. 


increasing sharply for the larger sizes. 

Some do not consider a demand 
charge necessary in the water works 
field because adequate storage will re- 
duce the plant capacity otherwise re- 
quired to meet sudden demands. The 
following incidents which occurred in 
Kingsport, Tenn., show that large con- 
nections can cause heavy demands on a 
system, whether or not a demand 
charge is made: 

1. A textile mill had its own pump- 
ing station and storage tank which fur- 
nished water for steam and other uses 
not requiring filtered water. When- 
ever the river was turbid, however, it 
became necessary to switch over to city 
water, at which time quite a large 
amount was needed. As the river 
might be muddy for several days, stor- 
age alone would not supply the in- 
creased amount required. When the 
turbidity dropped below a certain point, 
the mill would use the river supply 
again and might not call on the city 
for a month or two. 

2. Another factory had its own filter 
plant, but failure of a boiler cut down 
steam and power production so greatly 
that additional water was needed. A 
large connection to the city main was 
opened, and water began flowing into 
the plant at the rate of 2 mgd. 
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3. A third plant buys industrial wa- 
ter from an adjoining factory but is so 
dependent on water that it has an ad- 
ditional connection to the city supply. 
In one instance, the private supply 
was cut off, and for a short time quite a 
large volume of water from the city was 
required. Storage, however, was able 
to take care of the demand. 

In any event, a large connection 
should not be made if the utility is un- 
able to supply the quantity of water 
which could be used through that con- 
nection, and no customer should object 
to a demand charge, especially one in 
the form of a minimum monthly rate. 


Cost of Water 


Getting back to rate structures, the 
third element to be considered is the 
cost of water. Although nearly every- 


one will agree that no water should be 
sold below its actual cost, a few hold 
that special low rates should be estab- 


lished for industries, even to the point 
of selling below cost, if necessary. The 
author sees no reason for the water 
utility, whether private or public, to 
subsidize industry in this manner. An 
industry requiring a large amount of 
water can often furnish its own supply 
at a lower cost than the utility. If not, 
it should pay the rate set by the utility. 

The best way to learn about the cost 
of water is to keep an accurate ac- 
count of the costs of each division in 
the system. In Kingsport, costs are 
grouped into eight classifications, both 
by actual expenditure in dollars and by 
cost per 1,000 gal. produced. The 
eight classes are: [1] administration, 
[2] billing and collecting, [3] debt 
service, [4] purification and pumping, 
[5] maintenance of mains, [6] mainte- 
nance of distribution system, [7] 
reading and maintenance of meters and 
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[8] unclassified. The revenue for the 
year is also expressed in actual income 
and per 1,000 gal., as is the difference 
between income and expenditure, which 
at Kingsport is usually a surplus. 

A nine-year breakdown of costs in 
the Kingsport system shows that: 


1. Although total costs have nearly 
doubled since 1940, costs per 1,000 gal. 
have dropped about 6¢. This condition 
is due to the fact that until 1948 debt 
service costs were dropping both in 
total amount and per 1,000 gal. 

2. The revenue, while doubling in 
the period under consideration, actu- 
ally dropped in income per 1,000 gal., 
indicating an increased use of water per 
meter. 

3. The surplus, or profit, varied from 
less than 2¢ per 1,000 gal. in 1940 to 
more than 10¢ in 1947, 


In 1947 a $750,000 expansion pro- 
gram was undertaken, financed by serial 
bonds with a maximum life of 20 years, 
which meant an increase in debt serv- 
ice of nearly $50,000 a year at the start. 
Taking the 1946 records as a guide, the 
increase in debt service would amount 
to nearly 5¢ per 1,000 gal. Since the 
surplus in 1946 was more than 10¢ 
per 1,000 gal., it was evident that the 
rates in use would be sufficient to carry 
the increased cost. 

It is important not only to know 
how much the costs are, but also to dif- 
ferentiate between the types of ex- 
pense. For example, the total purifica- 
tion and pumping costs vary with pro- 
duction, but meter reading and mainte- 
nance show no relation to production. 


Theoretical Rate Structure 


It was of some interest to develop a 
theoretical rate structure for Kingsport 
and compare it with the one actually in 
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use. In planning the theoretical rates, 
it was decided to total the cost of ad- 
ministration, maintenance, billing, col- 
lecting, metering and unclassified ex- 
pense. This total was divided by the 
number of meters in the system, to get 
a monthly minimum service charge. 
Because these classes of expenditure 
bear no direct relation to the amount of 
water sold, it was felt that their cost 
should be borne equally by all custom- 
ers. 

The cost of water produced was ob- 
tained by adding the debt service and 
the purification and pumping costs. Al- 
though the debt service does not bear 
a direct relation to the amount of water 
sold, the capital investment increases as 
capacity is increased, and any rate set 
must meet this cost. These two ex- 
penses, figured in cents per 1,000 gal. 
and labeled water,” the 
lowest rate in the theoretical schedule. 
The intermediate rate consists of three 
charges: [1] the “cost of water,” al- 
ready mentioned; |2]| the cost of the 
2,500 gal. of water supplied for the 
minimum monthly charge (since no 
provision was made for the cost of wa- 
ter in that classification) ; and [3] the 
cost of all water produced but not sold 
(that is, the unaccounted-for water). 

Based on the revenue and cost fig- 
ures for 1948, the theoretical monthly 
bill, established by dividing the selected 
costs by the number of meters, is $1.10. 
The actual minimum charge is $1.25 
for 2,500 gal. The theoretical whole- 
sale rate, based on the cost of water 
produced, amounted to 12¢ per 1,000 
gal., compared with the actual rate of 
15¢. 

Finding the intermediate or com- 


“cost of set 


mercial rate was difficult because, in- 
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stead of one rate, Kingsport has five 
for the range of approximately 250,- 
000-gal. between the domestic and 
wholesale rates. The average cost per 
1,000 gal. to the customer in this cate- 
gory is 24¢, based on full usage of wa- 
ter in this range, but a spot check indi- 
cates that most of the customers ‘who 
run over the domestic rate pay about 
36¢ per 1,000 gal. for the overage. 
It was necessary to estimate the total 
amount of water sold in this range. 
Since about 30 per cent of the water 
produced was sold in the commercial 
range, the theoretical rate for this class 
is then: 12¢ per 1,000 gal. ( cost-of-wa- 
ter charge), plus the cost of the water 
served to the domestic (2,500 gal. per 
month) class, which amounts to about 
8¢ per 1,000 gal., plus the cost of all 
unaccounted-for water, approximately 
13¢ per 1,000 gal. The total of 33¢ per 
1,000 gal. comes close to the estimated 
32¢ actually collected from this cus- 
tomer classification. 

Some factors which have not been 
considered are the $5.00 a year fire 
hydrant charge and the fact that out- 
side-city rates are 50 per cent higher 
than those inside the city. Moreover, 
in 1948 the water department began 
making a yearly payment in lieu of 
taxes, but this expense can be met easily 
by the additional income collected from 
outside customers. 


References 


1. Sanitary Service Charges in Tennessee, 
1948-49. Tennessee State Planning 
Commission Rept. Jour. A.W.W.A.,, 
41:865 (Oct. 1949). 


2. Caren, Cuartes H. Water Works Rev- 


enue and Expenditure. Jour. A.W.W.A., 
40 :907 (Sept. 1948). 


| 
| 
¢ 


Marysville, Ohio. 


A far as is known, no community 
with a municipally owned soften- 
ing plant has ever voluntarily returned 
to a hard-water supply, which seems to 
be a conclusive argument for the value 
of softened water. The average con- 
sumer using hard water seldom real- 
izes that he is employing a most ex- 
pensive method of softening, because, 
before soap has any cleansing action, 
it must first soften the water. The 
layman, the water user and bill payer, 
may believe that water is water and as 
long as it is clear, safe and plentiful, 
there is no cause for complaint. Con- 
sequently, the average citizen goes on 
complacently paying soap, laundry, 
fuel, heating, plumbing, pipe-cleaning, 
linen renewal and innumerable other 
bills—all higher than they should be 
and some entirely unnecessary—simply 
because there is too much hardness in 
the water. 

It is an easy matter to make out a 
case for soft water, but it is often diffh- 
cult to overcome public prejudice, es- 
pecially when combined with the or- 
ganized opposition of a small minority 
which has some selfish reason for not 
wanting soft water. 


Soap Costs 
Water employed in the home for 
washing clothes and dishes and for gen- 
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eral cleaning requires the use of suffi- 
cient soap to produce good lather, that 
is, a little more than enough soap to 
react with the hardness present and ef- 
fect complete softening. It is probable 
that, in the average home, only a part 
of the water used in washing hands 
and in bathing is completely softened 
with the soap. Although estimates of 
the amount of water completely soft- 
ened with soap in the home vary widely, 
a typical figure would probably be 4 
gpd. per capita, or a total of 5,840 gal. 
per year for an average family of four. 

Checking at several retail stores, the 
author found that the retail price of 
high-quality neutral soap flakes was 27¢ 
for a 12}-0z. package, or 34.5¢ per 
pound. Retail prices on four leading 
brands of nationally advertised laun- 
dry soaps ranged from 17.7¢ to 19.8¢ 
per pound, averaging 18.7¢. Although 
it is difficult, without making an actual 
survey, to estimate the proportion of 
hand soap, neutral fine-fabric soap and 
ordinary laundry soap used by an av- 
erage family, it appears fair to assume 
that, with a price of 34.5¢ for fine-fabric 
soap and a price of 18.7¢ for ordinary 
laundry soap, the typical family pays 
an average of 23¢ per pound. 

The average hardness of the raw wa- 
ter softened at the Marysville, Ohio, 
plant in 1949 was 312 ppm., and the 
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average hardness of the softened water 
pumped to the distribution system dur- 
ing that year was 92 ppm. Based on 
(. W. Foulk’s formula for calculating 
the amount of soap required to soften 
water (pounds of soap consumed per 
1,000 gal. of water equals 2 + 0.2H, 
with // representing the hardness of 
the water expressed as parts per million 
of CaCO,), it would require a yearly 
total of 268.64 Ib. of 
$61.78 at an average price of 23¢ per 
pound—for an average family of four 
to reduce the hardness of 4 gpd. per 
capita of water from 312 to 92 ppm. 
It would cost this average family an 
additional $16.65 a year for the soap 
needed to reduce the hardness from 92 
to 40 ppm., the point below which 


soap-—cost ing 


hardness may be ignored as a factor in 
soap consumption. To soften the wa- 
ter from a raw water hardness of 312 
ppm. to the point where the soap starts 
to have some cleansing action there- 
fore costs the average family of four 
$78.43 a year. 


Cost of Cisterns 


towns or cities where the 

softened, 
nearly The 
houses have dual piping systems, cis- 


In most 
hard-water 
everyone has a 


supply is not 
cistern 


tern water being used for all purposes 
except commode flushing or outside 
sprinkling. Cisterns for soft-water sup- 
plies were common until recent years, 
softeners and 
field 
house 


water 
entered the 
Rainwater, from the 
roof and stored in the cistern, was usu- 
colored, 


when domestic 


soft-water services 


collected 


aly of poor quality, highly 
dirty, inconvenient and sometimes hard 

When Marysville, which had pre- 
viously been supplied with untreated 
well water having a total hardness of 
changed to softened water 


ppm., 


Ss 
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in the spring of 1929, the cisterns 
rapidly disappeared from use. To the 


author's knowledge, not a single cis- 
tern is now being employed as a source 
of soft water. 

When figuring the cost of this dual 
water system, the author can look to 
his own experience. At the time 
Marysville still had a hard well water 
supply, the expense of building a large 
cistern with a sand filter wall inside to 
insure clear water was as follows: 


250-bbl. cistern ante . $250 
Electric pump ...... 
Pump installation ..... 
Extra plumbing ............. 65 

Total $420 


With interest at 6 per cent and depre- 
ciation at 3 per cent, this extra soft-wa- 
ter equipment cost $37.80 per year, not 
counting the cost of power. 


Cost of Consumer-Owned Softeners 


Individual cation-exchange water 
softeners are used quite extensively in 
the home, but they are expensive and 
inconvenient to care for properly. 
Some plumbers state that the average 
life of a domestic sofener is as low as 
eight years, because the householder 
will not maintain it adequately; he 
may allow the sand to run to exhaus- 
tion and become caked before having it 
In this paper, however, a 
yearly depreciation of 10 per cent has 
been assumed. 

Records indicate that during 1949 
Marysville delivered an average of 105 
gpd. to each domestic consumer connec- 
tion, or a total of 38,325 gal. per year. 
The amount of water which has to be 
softened in the average home may vary 
somewhat, but an average of 50 per 
cent—19,162 gal.—seems fair. 


regenerated, 


April 1950 


With a cost of $182 for a 40,000- 
grain softener plus $50 for installation, 
and assuming interest at 6 per cent 
and depreciation at 10 per cent—to 
which must be added $1.55 a year for 
the salt required to reduce the hard- 
ness from 312 to 92 ppm.—the annual 
cost of operating the domestic cation- 
exchange softener would be $38.67 for 
the average domestic consumer, a fam- 
ily of four. (The salt requirement is 
assumed to be 0.4 lb. for each 1,000 
grains of hardness removed, the pres- 
ent retail price being $1.55 per 100 Ib.) 

The softened water in Marysville 
averaged 92 ppm. in total hardness dur- 
ing the year 1949. There is no soft- 
water service located in Marysville and 
few consumers own domestic softeners, 
because the softness of the water is 
generally satisfactory. For those who 
have softeners, the annual cost is about 

28.28, based on the following figures : 
price of 20,000-grain softener, $147; 
cost of installation, $50; interest, 6 per 
cent; depreciation, 8 per cent; cost of 
salt per year, to remove 92-ppm. hard- 
ness, 63¢. 


Soft-Water Service Cost 


It is said that, where a soft-water 
service is available, it is largely re- 
placing the use of consumer-owned 
softeners. The expense of this service 
does not differ much from that of op- 
erating the consumer-owned softener, 
while the burden of maintenance is re- 
moved from the consumer. The cost of 
the service is based on the hardness 
of the water—that is, on the number of 
times a month the account has to be 
serviced. The cation-exchange cyl- 
inders are of 20,000-grain size, and a 
cylinder change every 28 days costs 
$2.50 a month; 21-day service costs 
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$3.25; 14-day, 3.75; and 7-day, $6.25. 
An installation charge of $10.00 is 
made. These prices apply to soft- 
water service in two central Ohio cities 
having a water supply with a hardness 
of approximately 340 ppm. In another 
central Ohio city, where the hardness 
is approximately 150 ppm., the charge 
for the 28-day service is $2.50 a month, 
plus $1.00 for each extra cylinder 
within the period. In view of the 312- 
ppm. hardness of the raw water at 
Marysville, the domestic consumer 
would probably require the 21-day 
service, at a yearly cost of $39. 

In the two cities having a water sup- 
ply with a 340-ppm. hardness, several 
individuals stated that the use of the 
soft-water service reduced their soap 
consumption to one-fourth of the 
amount needed with unsoftened water. 
The superintendent of the water de- 
partment of one of these two cities has 
28-day soft-water service in his own 
home, at a monthly cost of $2.50, or 
$30 per year. Based on an actual rec- 
ord of soft-water soap consumption in 
his home for a period of three weeks, 
he found that his annual soap bill came 
to $17.83, compared with an esti- 
mated soap cost of $41.46 before in- 
stallation of the soft-water service. 
The saving of $23.63, or 57 per cent, a 
year in soap cost alone is only $6.37 
less than the cost of the soft-water serv- 
ice. In all probability the other sav- 
ings, such as prolonged life of linens, 
will more than make up the balance. 


Municipal Softening Cost 


It is difficult to arrive at an exact 
figure for the increase in water costs 
which would be caused by softening the 
supply at a central plant. This extra 
expense involves fixed charges for con- 
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struction; depreciation on the extra 
equipment used in softening ; and oper- 
ating costs, including chemicals, power, 
supplies, labor and superintendence. 
Most of these items will be greatly af- 
fected by the size of the plant. 

Based on data published by Hudson 
(1) and Larson (2), and on the au- 
thor’s own experience at Marysville, 
the extra costs created by softening a 
water supply with a hardness of 300-340 
ppm. would be about 10¢ per 1,000 gal. 
for the average small treatment plant. 
If the average family of four uses 
3,200 gal. monthly, the extra cost will 
amount to $3.84 per year. In addition, 


TABLE 1 
Softening Cost Comparison 

Annual 

Cost 

Softening Method 
Soap and hard water 61.78 
Cistern supply 37.80 
Consumer-owned softener 38.67 
Soft-water service 39.00 
Municipal softening 4.35 


the consumer's share of the cost of free 
or unaccounted-for water would prob- 
ably raise this figure to nearly $4.35. 
These calculations assume that a sur- 
face supply is being used and that co- 
agulation and filtration are necessary in 
any event. Well water softening costs 
are discussed by Paul C. Laux (see 
p. 399). 


Summary 


Table 1 summarizes the cost of the 
various methods of softening water for 
an average Marysville family of four. 
All figures are based on a hardness re- 
duction from 312 to 92 ppm. 
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The savings in soap which result 
from the use of softened water have 
been discussed. Other benefits of soft 
water—such as longer fabric life, lower 
repair bills for plumbing and water- 
using equipment, better appearance of 
dishes and glassware, absence of bath- 
tub rings, and improved condition of 
cooked vegetables—which are also sig- 
nificant, have been dealt with by other 
writers, particularly Olson (3). 

This paper has attempted to evaluate 
water softening only from the stand- 
point of the domestic consumer. Many 
industries may find soft water neces- 
sary or desirable. Furthermore, the 
water utility will also benefit from soft- 
ened water—through reduction of me- 
ter maintenance cost, for example. 

The effect of synthetic-detergent de- 
velopment on the need for soft water 
is another aspect of the subject which 
must be given consideration. These 
products appear to have both draw- 
backs and advantages. The question 
of synthetic detergents requires fur- 
ther study, however, before reliable 
conclusions can be reached. 

Although emphasis has been placed 
almost entirely on the economy of using 
soft water, its real value lies in the com- 
fort and convenience it affords, and 
the only way to appreciate these ad- 
vantages is through experience. 
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The author has discussed the cost 
of municipal softening of surface sup- 
plies, which is usually incidental to 
other treatment processes. When well 
supplies are being treated, to remove 
iron and carbon dioxide, for example, 
plant construction and operating costs 
(except for chemicals) are not much in- 
creased by providing water softening. 
If the well water could otherwise be 
pumped directly into the mains, how- 
ever, all of the cost of building and op- 
erating a treatment plant must be 
charged to water softening. The ac- 
tual increase in cost per person served 
depends primarily on four factors : 


1. The number of persons to be 
served. 

2. The size of the plant to be built. 
(The building cost per million gallons 
decreases as the size of the plant in- 
creases. ) 

3. The amount and character of the 
hardness to be removed. (In the lime— 
soda ash method, it is more costly to 
remove noncarbonate than carbonate 
hardness. Likewise, it is more expen- 
sive to remove magnesium than cal- 
cium. ) 

4. The volume of chemicals pur- 
chased. (Price depends on volume.) 


If the cation-exchange method of 
softening is used, the character of the 
hardness has little bearing on the cost. 
As the type of softening to be preferred 
is not under discussion here, it will be 
assumed that the lime—soda ash method 
is to be used and that: [1] a popula- 
tion of 7,500 is to be served; [2] 


Discussion 


the average consumption is 100 gpd. per 
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capita; [3] to allow for emergencies 
and peak demands, the plant will have 
a capacity of 1 mgd.; and [4] the hard- 
ness is to be reduced from 340 to 70 
ppm. 

If the designing engineer and the 
city officials remember that they are 
building a utility installation, and not 
a cathedral, the cost of constructing an 
efficient and attractive plant of 1-mgd. 
capacity should not exceed $100,000. 
If interest is charged at 3 per cent and 
depreciation at 2.5 per cent, the final 
building cost to the customers would be 
$5,500 per year. 

The cost of chemicals for reducing 
the hardness of a municipal well water 
supply in Ohio from 340 to 70 ppm. was 
recently calculated as 3.5¢ per 1,000 
gal., including recarbonation and the 
use of a polyphosphate. For the sake of 
simplicity, it may be assumed that the 
cost is 4¢. Then, if the pumping aver- 
age is 750,000 gpd., or 275 mil.gal. per 
year, the annual chemical cost will 
amount to $11,000. Operational and 
maintenance costs should not exceed 
$9,000 or $10,000 a year, provision be- 
ing made for at least two full-time op- 
erators, a part-time operator, low-duty 
pumping costs and incidental mainte- 
nance and repairs. The total cost of 
water softening would thus be $26,500 
a year for 7,500 people—$3.60 per 
capita per year, 30¢ per capita per 
month or 1¢ per capita per day. 

The author has calculated the cost 
of obtaining soft water in the home, 
whether through a cistern, a consumer- 
owned softener or a soft-water service, 
to be over $3.00 a month. Obtaining 
soft water from a municipal well supply 
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costs $1.20 per month for a family of 
four. 


Synthetic Detergents 


It is rather difficult to state what ef- 
fect the use of synthetic detergents will 
have on municipal water softening. 
They are superior to soap in hard wa- 
ter for most household cleansing oper- 
ations. It seems, too, that, for some 
purposes (as, for instance, dishwash- 
ing ), they have an advantage over soap, 
even in soft water. Their quality will 
probably be improved and their useful- 
ness increased. A rather extensive re- 
view of current literature, however, 
leads to the following conclusions : 

1. Many observers believe that the 
amount of detergent required in hard 
water is greater than the quantity used 
in soft water. This increase is not as 
great as would be true for soap, but a 
definite saving in the amount of de- 
tergent appears to be indicated if soft 
water is used 

2. Synthetic detergents are some- 
character Some 


what specific in 


brands are better adapted to certain 
kinds of 


cleansing processes than 


>. 
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others. In short, no synthetic detergent 
can as yet be termed a universal cleans- 
ing agent. 

3. Commercial laundries prefer to 
operate with soft water and soap rather 
than with soft water and detergents. 
It is believed that soap works well in 
soft water on all types of fabrics and 
all kinds of dirt. According to laundry 
industry trade papers, no one detergent 
is equally as successful as soap on all 
types of fabrics and all dirt classifica- 
tions. Furthermore, clothes washed 
in soap seem to iron more easily than 
those washed in synthetic detergents. 

4. Up to the present it has been im- 
possible to make synthetic detergents 
into bars, and they have not gained 
much popularity for personal hygiene. 

Consequently, it would seem that mu- 
nicipal water softening is still of great 
benefit to the consumer for cleansing 
and laundry purposes, either with soap 
or with synthetic detergents. The ac- 
tual saving in detergents as a result of 
water softening should be determined, 
however, and the other benefits of soft 
water should be more definitely evalu- 
ated. 
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The Use of Asphalt in Hydraulic Works 
By J. M. Lackey 


A paper presented on Now. 12, 1949, at the Arizona Section Meeting 
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HE use of asphaltic mixtures for 
lining reservoirs, canals and storm 
channels is a method which has defi- 
nitely proved successful. Numerous 
installations in the Southwest, in use 
from one to 25 years, are still in excel- 
lent condition and demonstrate beyond 
all doubt that asphaltic concrete, when 
properly designed for the purpose, has 
the following advantages: [1] It can 
be submerged in water for many years 
without deterioration. [2] It can be 
submitted to daily wetting and drying 
cycles and still give many years of serv- 
ice life. [3] It can be exposed to des- 
ert conditions for many years without 
It with- 
stands as well as concrete the erosive 
effect of sand and gravel in storm water. 
{5} As a construction material, it has 
splendid resistance to freezing and 
thawing. |6| It actually holds water— 
that is, for practical purposes, it can 
be said to be absolutely impermeable. 
|7| Its cost is 50-70 per cent less than 
that of any other construction material 
customarily used for these purposes. 
The pages of the Asphalt Forum, a 
quarterly publication of the Pacific 
Coast Div. of the Asphalt Institute, 
contain descriptions of many hydraulic 
works projects in which the advantages 
of asphalt linings are exemplified (1, 
2). 
The development of the use of as- 
phalt in hydraulic works, in which the 


noticeable deterioration. 
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Asphalt Institute has had a leading 
role, has taken place over a period of 
25 years or more. Beside the work 
done by members of the institute, many 
engineers with city, county, state and 
federal bureaus, as well as contractors 
and equipment manufacturers, have 
had a part in a vast number of experi- 
mental projects using every type of ma- 
terial, mixture and method that could 
be devised. As a result of this effort, 
a wealth of technical knowledge and 
skill is now available to engineers. 

It is the purpose of this paper to 
advocate the use of asphaltic concrete 
for the lining and facing of reservoirs, 
canals, dams and storm channels, and 
the use of buried asphalt membranes 
for the control of seepage in irrigation 
canals. It does not advise the general 
use of other kinds of asphalt linings, 
such as sprayed membranes, surface 
treatments or mixed-in-place types, 
which, though they have received con- 
siderable attention and show much 
promise, are still to be considered in 
the experimental stage. 


Applications 


The use of asphalt in reservoir lin- 
ings in the Southwest dates back 25 or 
30 years. Several “mix-in-place” 
linings (using light road oils) were 
then employed, followed in the late 
1920's by the use of hot-mix asphaltic 
concrete on several projects (1). At 
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present two large projects are under 
construction—the Baldwin Hills Res- 
ervoir for the Los Angeles Dept. of 
Water and Power, which will be lined 
with nearly 1,000,000 sq.ft. of asphaltic 
concrete, and a water treatment plant 
for Brawley, Culif., where more than 
500,000 sq.ft. of asphalt lining will be 
placed. 

In 1936 the Los Angeles County 
flood control agency lined a diversion 
dike in Hay Canyon with asphaltic con- 
crete and was so well pleased with the 
performance that by 1944 fifteen ero- 
sion control installations on rivers and 
storm channels had been made. Since 
that date, additional projects have been 
completed and two large projects are 
now in progress. 

The paving of highway gutters with 
asphaltic concrete is a well established 
practice in certain areas of the state 
highway system of California. This 


type of improvement is not to be con- 


fused with the method, prevalent in 
some localities, of lining the gutters 
with road mixes or cold mixes which do 
not become tough enough to resist ero- 
sion. The type of gutter lining that 
is giving satisfaction is a hot plant mix 
type placed with a slip form, which in 
one operation spreads a_ uniform 
amount of material. A heated ironing 
plate compacts and finishes the course 
to a smoothness and density comparable 
to that of the pavement. This method 
is also used for facing earth dikes at 
the roadway edge on highway fills 
Sometimes the entire dike ts constructed 
with an asphaltic mixture. 

During the past ten or twelve years 
much experimental work with asphalt 
for canal linings has been done by the 
U.S. Bureau of Reclamation in Ore 
gon, Washington and Idaho. As a re- 
sult of the findings, 114 miles of la 
terals were paved with asphaltic con- 
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crete near Pasco, Wash., in 1947. The 
paved perimeter of the ditches ranged 
from 10 to 30 ft., and the total area 
paved was approximately 87,000 sq.vd. 
During the same year, as part of the 
Bureau of Reclamation’s California 
Central Valley Project, a section of the 
Ignacio Canal (near Concord), 5 miles 
in length, was lined with asphaltic 
concrete. 

In the Netherlands, it is said, the 
use of asphalt—generally in the form 
of an asphaltic sand mixture—for lining 
canals has been an established proce- 
dure for many years. Although the 
winters in some parts of Holland are 
quite severe, freezing seems to have 
little or no effect on the asphalt linings. 


Materials and Mixtures 


During the experimental years many 
engineers thought that the processes 
had to be complicated to be successful, 
that the perfect combination of aggre- 
gate had to be found, that only one 
grade and type of asphalt would be 
right, that a specially prepared seal coat 
would be required and that design and 
control must be handled by a highly 
trained corps of engineers. Different 
organizations have used various types 
of mixtures with equal success, how- 
ever. The Los Angeles Dept. of Wa- 
ter and Power has employed street 
paving mixtures for lining reservoirs 
with excellent results. Undoubtedly, 
some of these mixtures are sufficiently 
porous to permit water to reach the 
subgrade, but there is no evidence that 
any harm is done. The Los Angeles 
County flood control agency generally 
uses a fine sandy mix with a fairly high 
asphalt content, which is undoubtedly 
impervious. It should be pointed out 
that the Dept. of Water and Power 
engineers are experts in the construc- 
tion of dense earth dams, which may 
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account for their success in the use of 
porous paving mixtures. 

An aggregate grading can consist 
of a material in which the maximum- 
size aggregate is between one-half and 
one-third the thickness of the course. 
The amount of material passing a 10- 
mesh screen can vary from 35 to 70 per 
cent, while the 200-screen material can 
range from 2 to 14 per cent. 

Through long experience, the type of 
asphalt used has narrowed down to 
two grades of paving asphalt: 40-60 
and 85-100 penetration. Where weed 
growth is to be expected, 40-60 pene- 
tration asphalt should be used, as it is 
highly resistant to all forms of plant 
growth. Otherwise, the 85-100 pene- 
tration grade is recommended as the 
best binder. 

Some experimental work has been 
done to determine the amount of as- 
phalt necessary to make an asphaltic 
mixture impervious to the passage of 
water. Experiments made in the lab- 
oratory of the California Research Corp. 
indicated that, for practical purposes, 
properly compacted mixtures would be 
impervious to the passage of water if 
the asphalt content was 64 per cent or 
more. This rule seemed to hold over a 
considerable grading range. 

Seal coats of many types have been 
tried, most of them failing to do what 
was expected of them. Seal coats con- 
sisting of air-blown asphalts, asphalt 
enamels and filled enamels have gener- 
ally proved total failures. Light-emul- 
sion seal coats have given the best re- 
sults. It is now the general consensus 
that seal coats should not be used ex- 
cept to improve hydraulic factors. 

The most vexatious problem in the 
maintenance of asphaltic lining has 
been due to the destructive effect of 
mud and algae. Dried cakes of mud 
and algae found at the water’s edge 
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following the recession of the water 
tend to break up into small octagonal 
blocks 2-4 in. in diameter, which curl 
with such powerful effect that small 
portions of asphalt are lifted from the 
surface. This difficulty has been en- 
tirely eliminated, however, by apply- 
ing a thin cement wash immediately 
after completion of the lining. Care 
should be taken that the cement coating 
is not heavy enough to form scales, or 
else all of the cement will come off, leav- 
ing the asphalt surface exposed. The 
cement wash has been found to be quite 
permanent and it seems probable that it 
may last throughout the life of the lin- 
ing without renewal. 

Experimental work both in labora- 
tories and in the field has been exten- 
sive. A special research department 
was set up in the U.S. Bureau of Re- 
clamation laboratory at Denver, and 
eleven technicians devoted their entire 
time to the problems of the use of 
asphalt in canal linings. Experimental 
field installations have been numerous 
and varied. Constant study has been 
given to these installations, as well as 
to hundreds of other experimental 
projects throughout the West. Gradu- 
ally, by trial and error and laboratory 
experimentation, methods and mixtures 
have been developed and many serious 
problems solved. During construction 
processes, new equipment has been de- 
vised and perfected and many “tricks 
of the trade” have been learned. Main- 
tenance problems have also received 
due consideration and the worst of them 
have been eliminated by improvement 
in design. 


Durability 


Long experience has shown asphalt 
concrete linings to be sufficiently dur- 
able for the purpose intended. Many 
installations in the Southwest now ten 
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to fifteen years in service appear to be 
as sound as the day they were con- 
structed, and there is no reason to be- 
lieve that they will last less than 25 
years. There are several reservoirs in 
the vicinity that have been lined with 
a “mix-in-place” type in which an SC-2 
road oil was used. After twelve to 
25 years’ service these linings are 
still quite sound, indicating that the 
more durable asphaltic concrete can 
be expected to have a service life far 
in excess of 25 years. 

Used in storm channels, asphaltic 
concrete shows excellent resistance to 
scour from waterborne sand, gravel and 
boulders. In large reservoirs, there 
has been no sign of damage from wave 
action. Asphalt concrete in a sea wall 
at San Pedro shows absolutely no de- 
terioration from salt water, wave action 
or any other cause after ten years in 
service. 

Several installations in the Columbia 
River Basin bear no signs of frost dam- 
age although subzero 
weather for the past five to ten winters 
An examination of the existing instal- 


exposed to 


lations on western projects showed 
little or no evidence of maintenance or 
the need for maintenance, except for 
the removal of occasional weeds. It 
may therefore be stated that mainte- 
nance costs can be expected to be 


negligible. 
Oxidation 


It has been pointed out that asphalt 
highways when abandoned rapidly dis- 
integrate and that asphalt pavements 
in desert areas suffer from severe oxi- 
dation within short periods. This con- 
dition is due to the fact that the per- 
centage of asphalt used in highway 
pavements is very low, resulting in a 
state of porosity which permits the 
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penetration of air and the subjection of 
the relatively thin asphalt films to oxi- 
dation. In asphaltic mixtures used in 
hydraulic works, the asphalt content 
is from 1} to 24 times that of asphalt 
used in highways. The mixture is 
therefore very dense and impermeable 
to air. With the surface exposed to 
oxidation reduced to an infinitesimal 
fraction, the oxidation rate can be con- 
sidered negligible. 
Hydraulic Pressure 

The very nature of a flexible type 
of pavement makes it immune to hy- 
draulic pressure. An asphaltic-concrete 
slab is not affected by temperature and 
moisture changes in such a manner as 
to cause the periodic curling and creep- 
ing expected from a rigid pavement 
Gravity causes the asphalt slab 
to rest tightly on the subgrade at all 
times under all conditions. Any hy- 
draulic pressure which might develop 
would, because of the structural weak- 
ness of the asphalt and the variability 
of the pressure, result in minute cracks 
which would relieve the pressure with- 
out material damage to the pavement. 
No instance of damage to an asphalt 
lining which could be charged to hy- 
draulic pressure is known. 


Costs 


The use of asphalt as a construction 
material has resulted in a most impres- 
sive reduction in costs without a ma- 
terial decrease in the quality of the 
product. Highways paved with asphalt 
are being constructed at a cost of $2,000 
to $60,000 per mile, which is definitely 
below the cost range of any other con- 
struction material used for that pur- 
Asphaltic concrete employed in 
the lining of reservoirs and canals and 
in flood protection and erosion con- 


slab. 


pose. 
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trol works is making history in the 
same manner. Asphaltic concrete, 
when properly designed, is equal or 
often vastly superior to any other ma- 
terial used for these purposes and con- 
struction expense is 50-70 per cent less 
than for other materials. 

Costs for this type of work in South- 
ern California, on jobs of considerable 
size, have averaged very close to 13¢ 
per square foot for 3-in. linings. This 
price includes the subgrade. As a com- 
parable figure, asphalt in streets and 
highways in the same vicinity, not in- 
cluding subgrade, is bid at an average 
cost of $4.50 per ton, or about 9¢ per 
square foot for 3-in. work. Subgrade 
for ditch and levee construction will 
cost 2¢—3¢ per square foot, which would 
indicate a net bid price of 10¢-11¢ per 
square foot for 3-in. linings, or less 
than 20 per cent above the cost of 
street paving work. 


Other Types of Lining 


Another type of lining which has 
been used in canals for seepage control 
is a buried asphalt membrane, de- 
scribed in some detail by J. R. Ben- 
son, Bituminous Engr., U.S. Bureau 
of Reclamation (3). The method con- 
sists of overexcavating the ditch 12-24 
in. and applying a heavy coat of asphalt. 
The membrane is then covered with 
earth or gravel. The only purpose of 
this type of lining is to control seepage, 
and a special kind of asphalt that 
will not be absorbed by the soil in a few 
years is required. 

A considerable amount of research 
and experimental work has been done 
on prefabricated linings. These show 
much promise, and in the very near fu- 
ture it is anticipated that several con- 
cerns will be in the market with a low- 
cost prefabricated lining which can be 
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purchased in rolls and applied by the 
owner in the field. It is hoped that this 
type of lining may be produced and 
sold to the farmer for use in small 
ditches. The owner would do the work 
of reshaping the ditch and placing the 
lining at convenient times, at a total 
cash outlay of not more than 50¢—70¢ 
per square yard. 

Much experimental work has also 
been done on prime membrane and 
membrane types of lining, in which 
various asphaltic liquids have been 
sprayed directly upon the earth. These 
linings are to be considered still in the 
experimental stage. 

A cotton-fabric, reinforced membrane 
seal is being used as a part of the lining 
for the Baldwin Hills Reservoir at Los 
Angeles. It is the first course of a 
very complicated lining designed for 
the project and will total nearly 500,- 
000 sq.ft. in area. The seal consists of 
several applications of hot liquid 
asphalt, about 1.5 gal. per square yard, 
finished with a single layer of cotton 
fabric heavily coated with a filled as- 
phalt enamel. Sections now completed 
look exceptionally good and may point 
the way to a new type of lining. Pro- 
visions are complete for several trial 
installations of this type as irrigation 
canal linings in the San Joaquin Valley. 

The “mix-in-place” types have been 
used with some favorable results in the 
lining of reservoirs. It is unfortunate 
that the available data are insufficient 
for the writing of a specification which 
would insure constant success with this 
type of lining. Experience with several 
projects, in service for from twelve to 
24 years, would indicate that a well 
graded granular material in which the 
clay content was low—say, not over 6 
per cent—and in which rather large 
quantities of asphalt were used, would 
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make a very satisfactory lining, al- 
though it is not expected that the re- 
sistance to weed growth would be very 
effective. Inspection of the existing 
projects, however, has shown that the 
damage from weeds is not very con- 
siderable. Linings of this type, 3 in. 
thick, can be constructed at a cost of 
30¢-40¢ per square yard. In desert 
areas, where the soils are free from 
clays and organic matter, good re- 
sults can be expected. 


Other Suggested Uses 


Asphaltic preparations and asphaltic 
mixtures can be used to advantage in 
numerous other installations. Con- 
crete-lined waterways, which may suf- 
fer serious structural damage from 
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wear on the invert, can be effectively 
protected by an asphalt wearing sur- 
face. Impressive savings in capital in- 
vestment can be made by using as- 
phaltic-concrete linings for settling ba- 
sins, filters, sumps and tanks in sani- 
tary and industrial plants. Asphaltic 
mixtures are unaffected by most acids. 
alkalis and brines encountered in in- 


dustrial and sanitary works. 
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APPENDIX 
Suggested Design and Specifications 


Subgrade 


The requirements for a firm, well 
compacted subgrade for asphaltic con- 
crete linings are no different from those 
for any other type of lining. Since it 
is not necessary that soils be of a granu- 
lar or constant-volume type, however. 
imported subgrade materials would not 
be required. 


Asphalt Mix Design 


It has been pointed out that various 
mixtures have been used with con- 
siderable success. There are certain 
factors present in different types of 
construction, however, which would 
indicate the use of particular kinds of 
mixtures. In Table 1 are given four 
mixtures; the coarse mixture, No. 1, 
is simular to that used for lining reser- 
voirs by the Los Angeles Dept. of Wa- 
ter and Power; mixture No. 3 follows 


the recommendation of the Los Angeles 
County flood control agency and is 
similar to mixtures approved by the 
U.S. Bureau of Reclamation and the As- 
phalt Institute for lining canals and flood 
control channels ; mixture No. 2 is also 
satisfactory for linings and has a 
shorter curing period than the No. 3 
mix; the fourth is a sand-asphalt mix- 
ture similar to that used for lining 
canals in Holland. 

The asphalt content given for each 
mixture in the table will vary somewhat 
according to the character of the aggre- 
gates. An excellent rule to follow, 
which the author has found reasonably 
consistent with laboratory results, is 
based on observation of the shape the 
mixture takes when deposited in the 
truck at the asphalt plant, or better, 
the shape which is attained after the 
truck has traveled two or three miles. 
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If the prepared mixture has completely 
flattened out in the truck, it is an indi- 
cation that too much asphalt is being 
used ; if the mixture still maintains the 
shape of a straight-sided pyramid or 
a truncated cone, the asphalt content is 
too low. In mixtures of this type, the 
mass in the truck body should assume 
. a slightly oval shape, with the center of 
2 the mix being 6 or 8 in. higher than the 


edges. 
Structural Design 


Asphaltic linings, being of the flex- 
ible type, are not designed to calculated 
ei stress factors but rather to thicknesses 


Asphalt Mixtures 


Passing Sieve 


} in. 100 

} in. 

-in. 
No. 4 40-56 
No. 10 22-32 
No. 40 15-21 
No. 80 -12 
No. 200 4 


Paving asphalt added per 100 Ib. | 


of aggregate—lb. 54-74 


which have been found by experience 
to be adequate for the purpose. For 
small reservoirs and canals in which 
the exterior stresses to be expected are 
inconsequential, a 2-in. thickness is 
sufficient. In large reservoirs, where 
much wave action may be anticipated, 
the thickness should be increased to 
3 in. In storm channels which have 


3 a considerable gradient and which may 
carry large boulders and substantial 
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amounts of finer abrasive material, the 
invert may need to be thickened to 6 in. 

The use of reinforcing mesh has gen- 
erally not been found worth its cost 
and, in thin linings, has often been 
found to be actually detrimental. In 
6-in. storm channel inverts, however, 
where the passage of large boulders 
may occur, the use of mesh reinforce- 
ment is recommended. 

In the design of ditch linings, sharp 
corners should be avoided. The inter- 
section of the slope and the bottom 
should be rounded with a radius of at 
least 6 in. and as much as 18 in., if 
possible. 


TABLE 1 
for Hydraulic Works 


Aggregate Grading — per cent 


Mix. No. 
100 
95-100 | j 
| 
60-80 | 0-97 
| 40-55 65-80 100 
| 25-35 | 35-45 | 45-70 
18-27 22-30 | 25-48 
6-14 10-16 | 14-20 


Asphalt pavement has been con- 
structed on slopes as steep as 1}: 1. It 
is the consensus of experienced engi- 
neers, however, that 14: 1 slopes should 
be the steepest. The past practice 
has been to curve the top edge of the 
section back into the bank for 6-12 in., 
to provide some anchorage and pro- 
tection to the upper edge. As this pro- 
cedure has sometimes resulted in a 
horizontal crack occurring 12-24 in. 
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below the top edge of the paving, it 1s 
recommended that the upper edge be 
increased to twice the nominal thick- 
ness for a distance of 6-8 in., with the 
inside edge rounded to a radius equal 
to the nominal thickness of the course 
Whenever possible, the top of the lin- 
ing should not end with a bench, be- 
cause this can easily become a collec- 
tor for water which could filter in be- 
hind the lining. A narrow bench at 
the upper edge of the paving also may 
be used as a trail for livestock, which 
might cause severe damage to the lin- 
ing. If possible, the top of the lining 
should start at least 1 ft. below the top 
of the slope. 

On small projects, it has been cus- 
tomary to use hand methods for spread- 
ing and cable-operated rollers for com- 
paction. For large projects, it is rec- 
ommended that some type of slip form 
be required. In canals, the forms 
should be so constructed as to lay the 
entire section in one operation. When 
broad revetments or reservoir slopes 
are involved, construction may be in 
strips 10-12 ft. in width, placed either 
horizontally or vertically. In specifying 
a slip form, it should be described as 
a piece of equipment which in one op- 
eration will uniformly spread and com- 
pact an asphaltic mixture to the re- 
quired thickness and density. Spread- 
ing should be accomplished by the use 
of hoppers and strikeoff blades. The 
compaction should be obtained by an 
ironing plate, with the leading edge at 
the height of the loosely spread ma- 
terial and the trailing edge at the height 
of the completed and compacted course. 
The ironing plate should be equipped 
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with a heating device and should be 
maintained at a temperature higher 
than the maximum required for the 
mixture. Density requirements should 
he 90 per cent relative. If this density 


cannot be obtained by the use of the 
slip form, other methods in addition to 
the slip form should be required. 


Other Items 


Hydraulic flow factor in canal design. 
The recommended n factor for asphal- 
tic linings is 0.013. 

Seal coat. Ii a uniformly smooth 
surface is secured during construction, 
a seal coat is generally not considered 
necessary. A light-emulsion seal may, 
however, be applied to increase the hy- 
draulic qualities of the lining of canals. 

Freezing conditions. Where the 
pavements will be subject to freezing 
weather, it is recommended that aggre- 
gate grading No. 3 be used. 

Weed control. If excessive weed and 
grass growths, willows and tules are 
to be expected, some provision should 
be made for their control. The use 
of soil sterilizers, particularly borax 
chlorate mixtures, is recommended. It 
has been found, however, that a dense 
asphaltic mixture using a hard asphalt 
in the 40-60 penetration range is 
highly resistant to all forms of plant 
growth, and, for a 3-in. lining, it would 
probably be less expensive to remove 
the few weeds which penetrate it than 
to apply a soil sterilizer. This state- 
ment is probably also true for a 2-in. 
lining. 

Mud curl. If mud or algae caking is 
anticipated, the affected areas should 
be given a cement wash. 
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Effect of Partial Demineralization 
of Water on Bacteria 


By K. S. Spiegler and Esther Hellinger 


A contribution to the Journal by K. S. Spiegler, Water Research Sec- 
tion, and Esther Hellinger, Bacteriological Section, both of Daniel 
Sieff Research Institute, Weizmann Institute of Science, Rehovoth, 


Israel. 


LTHOUGH the complete demin- 

eralization of industrial waters 
by means of resinous ion exchangers is 
being practiced widely and much Iit- 
erature is available on this subject, far 
less work has been published on the 
partial demineralization of saline wa- 
ters for drinking purposes, a process 
usually applied only in exceptional sit- 
uations (1,2). With the general tend- 
ency to develop arid regions where 
many water sources are brackish, how- 
ever, the importance of the latter prob- 
lem is increasing. 

In the course of a project now under 
investigation, which is designed to 
devise and test economic methods of 
demineralizing brackish waters, the 
question of bacteriological purity of the 
treated water arose. It was thought 
that the acidity of the water resulting 
from its passage through the cation 
exchanger might suffice to destroy most 
microorganisms. Bacterial examina- 
tion of pilot plant samples showed that, 
although the brackish raw water con- 
tained 100 bacteria per milliliter, the 
effluent from the cation exchanger col- 
umn (containing Dowex 30*) was 
completely free of bacteria, while the 
number of bacteria in the effluent from 
the anion exchangers (containing Am- 
berlite IR-4B +) equaled or exceeded 


*A product of Dow Chemical Co., New 
York. 

+ Made by Resinous Products Div., Rohm 
& Haas Co., Philadelphia. 


that in the raw water. These observa- 
tions led to a study of the effect of the 
demineralization process on bacteria 
under controlled conditions by follow- 
ing the course of a pure culture of 
Escherichia coli through a sterilized 
miniature model of the pilot plant. 
The composition of the water, the flow 
rate and the regeneration level were 
made to conform to those customary 
in the pilot plant. 


Experimental Procedure 

The apparatus employed is shown 
in Fig. 1. The length of the columns 
was 24 and 26 cm., the diameter 3.8 
and 2.8 cm. and the height of the re- 
generated drained resin 18 and 9 cm. 
for the cation and anion exchanger col- 
umns, respectively. The resin columns 
had previously undergone several cy- 
cles of adsorption and. regeneration, 
the cation exchanger having been re- 
generated only to about one-third of 
its total capacity in order to effect 
regenerant economy, while the anion 
exchanger was regenerated nearly to 
its total capacity. The cation ex- 
changer was operated solely on the 
hydrogen cycle. 

The flow rate varied from 4.6 to 
7.7 ml. per minute (1.4 to 2.3 ml. per 
cubic centimeter of resin per hour in 
the cation exchanger and 5.0 to 8.3 
ml. per cubic centimeter per hour in 
the anion exchanger), corresponding 
to pilot plant rates. It will be noticed 
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that the time of contact with the cation 
exchanger is longer than is usual in 
plants employing equal volumes of 
anion and cation exchangers. 

The column feed was prepared arti- 
ficially to conform to the composi- 
tion of a typical brackish water of the 
Negev district in southern Israel, pre- 
softened by ion exchange. Its makeup 
altered slightly during sterilization. 
The final analysis (after sterilization ) 
is shown in Table 1. 

After downflow regeneration of the 
cation and anion exchanger with 180 


Sot Na,CO, 


Sample A 


GE 
Anion 


Exchanger 


Fic. 1. Arrangement of Laboratory Columns 
ml. of sulfuric acid solution (1.52 per 
cent) and 170 ml. of sodium carbonate 
solution (3.58 per cent), respectively, 
the whole model, including the solu- 
tions, was sterilized, in separate parts, 
by heating in an autoclave at about 
110°C. for 45 minutes. The anion 
exchanger column was sterilized by the 
passage of alcohol and subsequent dry- 
ing, as the resin is stated to be unstable 
at high temperatures. 

The model was then reassembled, 
the soft raw water inoculated with 10 
ml, of a young, active culture of Esch. 
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coli and the purification run started. 
Upward flow was maintained in both 
columns. At the beginning, suction 
was applied for a short while to pass 
the raw water from the feed bottle into 
the column. Thereafter the static head 
proved sufficient to make the solutions 
flow at the desired rate, which was con- 
trolled by means of screw clamps. 
Throughout the experiment, every 
care was taken to prevent, as far as 
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possible, the entry of bacteria from the 
air. About 100 ml. of partly demin- 
eralized water was collected before 
taking the first samples for bacterial 
examination. All samples for bac- 
terial examination were collected in 
sterile, plugged test tubes or flasks, 
and serial dilutions on the media were 
made immediately after collection. 

At the beginning of the exhaustion 
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run three samples were taken, at the 
points shown in Fig. 1, from the raw 
water (Sample 4) and the cation and 
anion exchanger effluents (Samples B 
and C, respectively). Samples for pH 
and conductivity measurements were 
taken at frequent intervals. The pH 
value was measured by a pH meter; 
conductivity, by a solution tester cali- 
brated in grains per gallon sodium 
chloride; Fig. 2 shows the results. 

About seven hours later, when the 
cation exchanger neared exhaustion, 
as shown by a steep rise in the pH of 
the cation exchanger effluent and in the 
conductivity of the treated water, sam- 
ples of cation and anion exchanger 
effluent were again collected for bac- 


TABLE 1 
Column Feedwater Analysis 


Substance Amount 


terial examination (Samples D and E, 
respectively ). 

The initial count of Esch. coli in the 
mineralized water (Sample A) was 
carried out (in duplicate) in serial 
dilutions in geometric series on lactose 
broth in tubes. The coliform count of 
the water during demineralization at 
the beginning and at the end of the 
run (Samples B-E) was carried out 
with various quantities of each 
sample on appropriate amounts of Mac- 
Conkey’s medium in sets of five tubes. 
All tubes were incubated at 37°C. and 
examined after 24 hours for bacterial 
growth and gas production. 


Results 


Sample A. The initial count of 
Esch. coli in the mineralized water be- 
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fore treatment was found to be 1,000,- 
000 bacteria per milliliter of water. 

Samples B-E. Table 2 records the 
number of tubes out of five showing 
bacterial growth and gas production 
from different amounts of each sample. 

All tubes showing growth were sub- 
planted on special media and gave 
positive coliform tests. 

Briefly, these results show that, with 
a count of 1,000,000 bacteria per milli- 
liter in the water before treatment, no 
bacteria were found in Samples B and 
C, less than 10—probably about 4—in 


TABLE 2 


Number of Tubes Showing Bacterial 
Growth and Gas Production 


Exchanger Effluent 


Cation Anion 


Semple 
Quantity | 
mi. 


R* 
(pH 6.4) 


B 
(pH 1.8) | (pH 2.6) | (pH 6.6) 


No. of Positive Tubes 


10 
1 

0.005 | 

0.0005 | 

0.00005, 


| 


| 


* D and E collected seven hours after B and C. 
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Sample D, and more than 10—prob- 
ably close to 100—organisms per milli- 
liter in Sample E. 
Discussion 

The tests indicate that, at the begin- 
ning of the demineralization run, com- 
plete elimination of Esch. coli occurred 
in the cation-exchange column and the 
treated water was free of bacteria. 
But, when the resins neared exhaus- 
tion, a few bacteria, representing a 
very small fraction of those present in 
the influent, were transferred to the 
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anion-exchange column, where condi- 
tions were not injurious to them. 
These statements are based on one cy- 
cle only, and the bactericidal action 
of the cation-exchange step was proved 
merely for the particular operating con- 
ditions described. It is believed, how- 
ever, that this phenomenon is of a more 
general nature. 

The authors attribute the bactericidal 
action of the cation-exchange treatment 
mainly to the acids formed thereby 
rather than to the specific action of the 
The less exhausted the hydro- 
gen form of the resin and the higher 
the salinity of the raw water, the greater 
the acidity. In these tests, the salinity 
was high, but the resin was only partly 
regenerated even at the beginning of 
the experiment. 

It is probable that the small amount 
of bacteria passing into the anion-ex- 
change column multiplies there. Bac- 
terial examination of pilot plant 
samples seems to confirm previous 
observations (3) that weakly 
anion exchangers may act as media for 
bacterial growth. 

It may be supposed that the bacterial 
purity of the treated water can still be 
maintained if bacterial growth on the 
anion exchanger is checked at frequent 
intervals and the number of bacteria is 
not allowed to build up to any appre- 
Recently published in- 
vestigations have shown that the steri- 
lization of cation exchangers by very 
dilute solutions of bactericidal agents 
like formaldehyde yields satisfactory 
results (4). If sterilizing 
agents were added to the anion ex- 
changer regenerant in each regenera- 
tion, or after a fixed number of them, 
the bacterial population in the treated 
water might be materially reduced, thus 
effecting partial or complete disinfec- 
tion of the raw water without introduc- 
ing foreign chemicals. 
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It remains to be seen how micro- 
organisms other than Esch. colt re- 
spond to partial demineralization, what 
minimum acidities and rates 


should be maintained and how periodic 
disinfection of anion exchangers af- 
fects the purity of the treated water. 


Summary 


1. Bacteriological examination of 
samples from a pilot plant for partial 
demineralization of brackish waters 
showed that the cation-exchange efflu- 
ent was free of bacteria, while the anion- 
exchange effluent was heavily contami- 
nated. 

2. Laboratory experiments using 
sterilized apparatus showed that partial 
demineralization of a soft, brackish wa- 
ter, with about 2,000 ppm. dissolved 
solids, containing about 1,000 Esch. 
coli per milliliter, caused complete de- 
struction of the bacteria at the begin- 
ning of the run, and, when the resins 
neared exhaustion, than 10 and 
100 bacteria per milliliter were found 
in the and anion exchanger 
effluents, respectively. 
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A New Method for Determining Methane in Water 
By J. R. Rossum, P. A. Villarruz and J. A. Wade Jr. 


A contribution to the Journal by J 
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and J. 


Water Service Co., San Jose, Calif. 


HI presence of methane in water 

may considerable ex- 
plosion hazard, and there are indica- 
tions that it plays a role in supporting 
bacterial growth in mains. Although 
two excellent publications on the signifi- 
cance of methane in water have ap- 
peared (1, 2), very little has been 
published on methods for its determi- 
nation. The gases evolved by boil- 
ing the water sample may be analyzed 
by the usual gasometric methods, but 
the water sample must be collected 
under pressure and the procedures 
require considerable time. <A quali- 
tative test is made by filling a large 


involve a 


bottle almost full of water, sealing it, 
allowing it to stand for a while and at- 
tempting to note a flash when the gas 


in the air space is ignited. This test 
is best performed in a darkened room. 
It is not reliable, however, if the water 
is supersaturated with nitrogen. Ac- 
cording to a communication from T. E. 
Larson, a positive flash test is a rough 
indication that methane is present in 
quantities in excess of 1 cu.ft. per 1,000 
gal. (5.4 ppm.) when the air space is 
about 100 cc. in a gallon container. 
The authors have devised a test for 
methane that requires only a few min- 
utes of the analyst’s time and appears 
to have adequate accuracy and sensi- 
tivity to meet the requirements of wa- 
ter works laboratories. The principle 
of this test depends upon the equilib- 
rium established, according to Henry’s 
law, between the concentration of meth- 
ane in solution and the partial pres- 
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sure of methane in the gas phase above 
the solution, The partial pressure may 
be determined with an instrument, pop- 
ularly known as a “sniffer,” which was 
developed primarily to test for ex- 
plosion hazards due to the presence of 
combustible gases in air. Its opera- 
tion is based upon the catalytic oxida- 
tion of the combustible gas upon a 
heated platinum filament. The heat 
of oxidation raises the temperature of 
the filament, which, in turn, increases 
the electrical resistance of the platinum. 
The resulting unbalance of the electrical 
circuit causes the deflection of an elec- 
tric meter, which is calibrated to indi- 
cate the concentration of combustible 
gases or vapors in the gas sample. 
Under the conditions of the test, 
Henry's law and the perfect-gas laws 
apply to methane with sufficient ac- 
curacy for the purpose. From these 
laws, it can be shown that the total 
weight, HW (mg.), methane in a 
sample may be expressed by: 


in which P is the partial pressure (mm. 
Hg) of methane; V, and V, are the 
volumes (cc.) of the gas and liquid 
phases, respectively ; T is the tempera- 
ture (°K.); and H is the Henry’s law 
constant (mm. Hg per mole fraction). 

As gas samples much smaller than 
a liter cannot be conveniently handled, 
the water samples are collected in a 
gallon jug not more than three-fourths 
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filled with the sample. The sample 
bottle has a two-hole rubber stopper 
fitted with two glass tubes, the inlet 
tube extending to within about 1 cm. of 
the bottom of the bottle, and the out- 
let tube being adjusted so that the 
bottom is about midway between the 
water surface and the top of the bottle. 

Water is introduced through a rubber 
tube connecting the sampling tap to the 
inlet tube of the gallon jug. When it 
is filled to the desired capacity, the in- 
let and outlet tubes are immediately 
connected with a short length of rubber 
tubing. When received in the labora- 
tory, the sample is shaken vigorously 
for 60 seconds and allowed to stand for 
two hours. The gas mixture is then 
tested by drawing the gas above the 
sample through the outlet tube into the 
“sniffer.” 

The rate at which equilibrium is 
established during shaking has been 
determined over a wide range of meth- 
ane concentrations. Based on these 
data, a shaking period of 60 seconds 
was arbitrarily chosen. The 60-second 
shaking period is essential even if the 
samples have been transported some 
distance or allowed to stand for a con- 
siderable length of time. It has been 
found that equilibrium between the 
methane in the solution and in the gas 
phase is not established for several days 
when the sample is permitted to stand 
at room temperature, 

The two-hour standing period was 
also arrived at experimentally. Identi- 
cal samples were taken and, after shak- 
ing, were allowed to stand for various 
periods. After 15, 30 and 60 minutes’ 
standing, the results for a series of 
samples differed materially, and, in 
general, the apparent concentration in- 
creased with the standing period up to 
two hours. After two hours the re- 
sults were consistent, although the rea- 
son for this phenomenon is not clear. 
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The “sniffer” selected for this in- 
vestigation was a Model 2 Explosi- 
meter, made by the Mine Safety Ap- 
pliance Co. According to the manu- 
facturer, this instrument will measure 
the concentration of combustible gases 
with a maximum error of about 10 per 
cent, although the two actually used 
by the authors have been much more 
accurate. The meter is calibrated to 
read directly in percentage of explosive 
gas mixture, and, again according to 
the manufacturer, a correction factor of 
0.77 should be applied for methane. 
Since the lower explosive limit for 
methane in air is taken as 5 per cent 
by volume, a meter reading of 100 is 
equivalent to 0.77 x 5, or 3.85 per 
cent methane in air. From this figure, 
it is possible to derive an equation re- 
lating the partial pressure of methane 
in the gas sample to the instrument 
reading. This equation can be com- 
bined with Eq. 1 to give an equation 
for the methane concentration in the 
water sample. The latter equation 
(Eq. 2) is, of course, valid only for 
the instrument model mentioned above. 
With the methane concentration, C, in 


ppm. : 
890 
+ 7) . (2) 


in which S is the instrument meter 
reading ; P is the barometric pressure, 
in mm. Hg; and V,, ’,, T and H are 
expressed in the units specified for 
Eq. 1. 

The value of H at 20°C. is 28.53 x 
10° mm. Hg per mole fraction, and nor- 
mal variations in atmospheric pressure 
will not affect the results within the ac- 
curacy claimed for the determination. 
Equation 2 may be greatly simplified 
by assuming a constant temperature of 
20°C. and a constant barometric pres- 
sure of 760 mm. The ratio of volume 
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of gas to volume of sample should be 
accurately determined. 

When the methane concentration is 
low, the sample bottle should be filled 
about three-fourths full, while, if the 
water is supersaturated with methane, 
the bottle should be about one-fourth 
filled with sample. 

Although the Model 2 Explosimeter 
is suitable for use as delivered, it was 
found that a significant increase in 
sensitivity and a slight increase in ac- 
curacy could be obtained by replacing 
the suction bulb with a laboratory filter 
pump throttled so as to draw gas 
through the instrument at a rate of 
about 600 cc. per minute. A two-way 
stopcock was inserted between the sam- 
ple and the instrument, so that the 
meter could be set at zero while draw- 
ing through atmospheric air, and the 
sample reading obtained by turning 
the stopcock. 

The method is not specific for meth- 
ane, since any other combustible gas 
will give a reading on the Explosimeter. 
Generally, methane is the predominant 
combustible gas in water, although 
many waters contain appreciable con- 
centrations of hydrogen sulfide, and 
some contain ethane and higher hydro- 
carbons. 

The possibility that methane may be 
consumed by biological activity dur- 
ing shipment of samples has been con- 
sidered. Hutton and ZoBell (3) have 
shown that certain bacteria will con- 
sume methane at appreciable rates un- 
der somewhat similar conditions. Ac- 
cording to these investigators, the opti- 
mum conditions for bacterial utiliza- 
tion of methane are 10-40 per cent 
oxygen, 20-70 per cent methane, 5— 
10 per cent carbon dioxide in the gas 
phase, and a pH of 6.5 in the solution 
phase. Since these conditions would 
not normally be encountered in water 
testing, it is concluded that the loss 
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of methane through bacterial action 
would not be significant unless the pe- 
riod between sampling and testing was 
greatly prolonged. 

Table 1 compares the method de- 
scribed in this paper with a standard 
gasometric method for determining 
methane in water. The sensitivity of 
the proposed method is such that 0.2 
ppm. of methane can easily be detected. 
More accurate instruments are avail- 
able, and possibly more accurate re- 
sults could be obtained by their use, 
but, for practical purposes, the extra 
expense does not seem justified. Sen- 


TABLE 1 
Methane Determination 


Methane—ppm. 


Proposed Method 


Std. Orsat Method 


21.7 


sitivity could probably be increased by 
using larger sample containers so that 
lower ratios of gas to sample volume 
could be employed. The proposed 
method has been used in the authors’ 
laboratory for several months to evalu- 
ate the explosion hazards due to meth- 
ane in water. 
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The Present Status of Public Water Systems 
in Florida 
By John S. Telfair Jr. 


A paper presented on Nov. 15, 1949, at the Florida Section Meeting, 


Orlando, Fla., by John S. 
Health, Jacksonville, Fla. 


HE task of defining the status of 

the public water supplies of Florida 
is not unlike the problem which the 
blind men faced in describing the ele 
phant. Like them, the author's view of 
the situation will be colored by the parts 
he has touched personally. Probably 
not very far wrong, but certainly not 
entirely true, the observations and opin- 
ions expressed are the author’s own and 
do not necessarily represent the position 
of the state health authority. 

The statistics which follow are fairly 
accurate, being based on a complete 
inventory by the board of health staff 
in 1948 and brought almost completely 
up to date. Since Florida’s population 
grows like a bloom of algae in a reser- 
voir, it is conceded that the population 
figures are all low, but the percentages 
are reasonably consistent. 

The water works industry 
daily about 8O per cent of the total pop- 
ulation of Florida. Taking a low capi- 
tal replacement cost figure of $60 per 
capita, this represents an investment of 
over $108,000,000. Water production 
qualifies as one of the state’s major in- 
dustries in terms of dollar value alone. 
Aside from an indispensable position 
with regard to public health and the 
furnishing of industrial lifeblood, it is 
also the principal source of the revenue 
needed to support other municipal func- 
tions in many, or even most, municipali- 
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ties. Many systems have been bled 
white since the adoption of the Home- 
stead Tax Exemption Law. 

The diversion of water works funds, 
together with the phenomenal rate of 
population growth, has caused many 
systems to fall behind in their improve- 
ment programs. Fifty-seven Florida 
communities, with a combined popula- 
tion of 39,000, need entirely new wa- 
ter systems The estimated cost (in 
1946 construction dollars) is $2,894,- 
000, or $74 per capita. A total of 366 
Florida water systems, serving a com- 
bined population of 1,201,000, need 
$35,110,000 worth of major improve- 
ments ($29 per capita). Total require- 
ments for new capital outlays, then, are 
set at $38,004,000. Any decline in 
costs since 1946, as well as the $9,940,- 
000 worth of construction accomplished 
or under way, will have been offset by 
continuing population gains. 

It is well to mention that Florida 
statutes define a public water supply 
as any system serving more than 25 
inhabitants, regardless of ownership. 
The figures presented below, however, 
are based upon an accounting of only 
those systems which serve not less than 
100 persons (1 ughly 30 service taps). 
Military establishments are also ex- 
cluded. Florida has approximately 382 
such public systems, 92 of them serving 
subdivisions, mostly located in Dade 
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and Duval Counties. Consequently, 
290 public water supplies in the state 
are identified with some city or town 
and are more or less municipal in 
character, although not necessarily in 
ownership. These 382 systems serve 
water to an estimated 1,815,000 per- 
sons, about 80 per cent of the 1945 pop- 
ulation. 


Supply Sources and Treatment 


By far the greater number of systems 
employ deep well sources. 

Deep ground water. <A total of 340 
water plants, serving 1,334,000 people, 
derive their supplies from deep lime- 
wells. Miami and nearby sys- 
tems, using relatively shallow limestone 
formations, are included, perhaps not 
too logically, in this category. 

Shallow ground water. From wells 
drilled into unconsolidated formations, 
usually near the surface, 19 plants de- 
rive water for 108,000 people. This 
category includes Pensacola and Mil- 
ton, both of which have rather deep 
wells in sand-gravel aquifers. 

Surface water. From Florida's riv- 
ers, lakes, ponds, creeks and springs, 
23 plants supply 378,000 persons. 

The state health officer not long 
ago remarked: “In our congested, 
modern society, safe water is a manu- 
factured product.” Given acceptable 
sources, the plants for the manufac- 
ture of safe water are perhaps an even 
more significant item in this accounting. 

Complete treatment. Some 1,000,- 
000 persons (about 56 per cent of the 
connected population) drink water 
which is completely treated. There are 
47 treatment plants of various designs, 
using various processes for the reduc- 
tion of hardness, turbidity, color, taste, 
odor and bacteria loading. Each plant 
in this category employs softening or 
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coagulation, and filtration and chlo- 
rination. (Although softening plants 
are included in this category, filtra- 
tion plants for iron removal are not. 
At Vero Beach, disinfection is accom- 
plished by lime softening at excessively 
high pH ranges, a method which has 
been rather effective ‘but adversely af- 
fects the distribution system.) 

Disinfection only. Water from vari- 
ous sources, with chlorine disinfection 
the only treatment, is served to 524,000 
people (29 per cent of the connected 
population) by 84 systems. Of these, 
74 use deep well sources ; 8 use shallow 
wells; 1, a spring; and 1, a lake. One 
plant, using chlorine solely for tron re- 
moval, is listed in this category. ) 

Untreated. A total of 253 systems 
serve 289,000 people (15 per cent of 
the connected population) with raw wa- 
ter. Several of these plants aerate the 
water, but no other treatment is in- 
cluded in the category. 

Perhaps a clearer picture than that 
provided by statistics can be obtained 
by considering more closely three ac- 
tual plants—the largest, the smallest 
and one of average size. 


Greater Miami System 


In terms of connected population, 
production or capital investment, or on 
almv st any other basis, the Greater 
Miami water system stands first in the 


state. Unique in so many ways, it yet 
typifies all Florida plants of comparable 
size in certain respects. Basically a 
lime softening plant, it handles a raw 
water posing a color removal problem. 
It is almost entirely correct to say that 
the plant (“plants” might now be pre- 
ferable) is under construction and has 
been almost constantly for over 25 
years. Ten years ago the maximum 
rated capacity was 40 mgd. and the av- 


a 
if 
| 


418 


erage production was 19 mgd. In 1948 
the rated capacity was up to 60 mgd. 
and the average production approached 
40 mgd. It has been anticipated that 
peak days in early 1950 will greatly ex- 
ceed the plant's capacity, and unsoftened 
water, disinfected by free residual 
chlorination, will be pumped from the 
new southwest well field to make up 
the deficit. 


Smallest Florida Plant 


Other than to say that it serves a 
small North Florida agricultural com- 
munity, the state’s smallest municipal 
water system will be unidentified. The 
system, which serves about 100 towns- 
people and 300 students of a consoli- 


dated school, consists of one deep well, 
one pump, one chlorinating machine, 
one elevated tank and approximately 
2 miles of mains varying from 6 to } in. 
in diameter. The superintendent, who 
is also the bill collector, repair crew and 
mechanic, plants tobacco on the side 
and operates the town grist mill. 

The original water system in this 
town was established in 1913, after a 
disastrous typhoid epidemic stemming 
from shallow drive-point wells, sur- 
face privies and poor drainage. The 
present well was drilled at that time, 
and an old, steam-driven jack was the 
original pump. When it gave out about 
1925, a gasoline-driven deep well piston 
pump was installed. The town is in 
sinkhole country, and the well site can 
be flooded at times. The old casing 
gradually corroded down almost to 
ground level and surface water must 
have seeped in. During 1943 (when 
the state health department's bureau of 
engineering consisted of two men) 
the water showed pollution, and a state- 
owned chlorinating machine was in- 
stalled by a U.S. Public Health Service 
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engineer. Under duress, the town pur- 
chased its own machine. 

The town, perennially bankrupt, had 
given a franchise to the operator, stip- 
ulating that he pay for water depart- 
ment operation and keep whatever 
money he could wring out of the cus- 
tomers. The author does not know 
who paid for the chlorinating machine, 
but neither party was willing to pay for 
chlorine—with the conse- 
quences. Finally the state board of 
health gave a permanent warning to 
the citizens that water should be boiled 
for safety. Generally, however, it was 
possible for the board to keep a fairly 
close watch and chlorination was kept 
up on a month-to-month basis. 

The state continued urging major 
improvements, and finally the town 
council reassumed financial responsi- 
bility. Board of health engineers 
shared in leading the way to the con- 
struction of a new concrete block pump- 
house, a 3-ft. extension of the well cas- 
ing and the installation of a new electric 
deep well turbine and permanent chlo- 
rinating apparatus. A board of health 
engineer lived on the job and eventu- 
ally used up about 75 lb. of 70 per cent 
hypochlorite powder in disinfecting the 
well and distribution system. The au- 
thor is happy to report that the plant 
site is cleaned up, chlorine is purchased 
in 100-Ib. drums, raw-water samples 
are usually satisfactory and distribution 
samples invariably meet drinking water 
standards. The staff of the bureau of 
engineering finds as much satisfaction 
in the present condition of that system 
as it does in considering Miami's vast 
enterprises at Hialeah and Coral Gables. 


Median System 


The systems previously described are 
the extremes—truly a part of the pic- 
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ture, but only a part. It is also necessary 
to examine the municipal water system 
which stands precisely in the middle— 
the median system. Since population 
figures are more accurate, on the whole, 
than estimates of plant production, con- 
nected populations have been used as 
the basis of comparison. On that basis, 
Florida’s median system is in a town 
of about 1,200 inhabitants, of whom 
1,100 are connected for water service. 
The city is not very far south of Jack- 
sonville. 

The water plant consists of one deep 
well, two horizontal centrifugal well 
pumps, a splash aerator, a coarse up- 
flow filter, a gas chlorinating machine 
and a 175,000-gal. covered reservoir. 
There are two service pumps of 200- 
and 600-gpm. capacity, respectively. 
An elevated steel tank with a 75,000- 
gal. capacity floats on the system. The 
raw water used by this system is highly 
mineralized. 


The original plant, built in 1927, 
consisted of the well, reservoir, tank 
and pumps. There was an island aer- 
ator of the coke bed type. The present 


aerator-filter unit is an appendage 
tacked on by the WPA in 1935. The 
chlorinating apparatus was added in 
1942, and, to the author’s knowledge, 
this system is the only one in the state 
where oxidation of iron by chlorine is 
practiced as such. In 1948 a gasoline 
engine was connected to one of the two 
well pumps in order to provide direct 
pumping of untreated water during 
power outages. The smallest service 
pump uses three-phase, 220-v. power. 
Others are wound for a primary-circuit 
voltage of 2,200. 

Water can be pumped to service at 
the rate of 700 gpm. (1 mgd.), but the 
effective plant capacity is limited by the 
yield of the only well to 145 gpm. (0.2 
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mgd.). The present output is about 
75,000 gpd. 

The distribution system consists of 
9 miles of universal cast-iron pipe, 
ranging from 2 to 10 in. in diameter. 
There are 95 valves, and the entire sys- 
tem is well looped. The three dead- 
ends have to be flushed about every 
ten days, and yield a beautiful slug of 
red water. 

The domestic water rates are $3.00 
for the first 4,000 gal. and 20¢ for each 
additional 1,000. Commercial rates are 
a straight 25¢ per 1,000 gal. 

The financial position of the sys- 
tem is indicated by the bonded-debt fig- 
ures. Of a $94,000 original issue in 
1927, $72,000 was outstanding in 1949. 
A total of $12,000 was retired between 
1927 and 1940, and the balance was re- 
funded in the latter year at 3.5 per cent. 
The interest rate rose to 4 per cent in 
1945. Bonds are not callable—an item 
of academic interest, apparently. 

The plant valuation was originally 
$100,000, according to town officials. 
An estimate of present value (replace- 
ment cost less depreciation) would be 
nearer $40,000. The distribution sys- 
tem value would amount to approxi- 
mately $78,000 on the basis of 50-year 
life for cast iron. Thus, of an approxi- 
mate original value of $275,000 at pres- 
ent-day costs, depreciated, there is a 
residual value of perhaps $120,000, with 
a bonded debt of $72,000, or 60 per 
cent. On a per capita basis, the origi- 
nal valuation would have been $228. 
At actual costs then prevailing, it was 
about $135—still high. The residual 
value in terms of present costs is about 
$100 per capita, and the remaining 
bonded debt $60 per capita. 

Even though depreciation seems to 
run neck and neck with debt retire- 
ment, and the water rates are certainly 
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not low, there seems to be little left over 
for operation and maintenance. Op- 
erating costs in 1948 totaled $6,500, of 
which $2,100 was the superintendent’s 
salary. 

There has been only one superin- 
tendent, who is also the entire water de- 
partment staff, except for a bill collec- 
tor (the city clerk). The superintend- 
ent, who was a foreman during plant 
construction, is now 62 years old. His 
present salary of $175 a month was in- 
stituted in 1948, after remaining static 
at the level of $125 for 21 years. Dur- 
ing the depression of the 1930's, the 
salary became so static that it ceased 
The superintendent was forced to bor- 
row food money from the bank but 
fortunately had collateral. He is able 
to live today partly by virtue of his 
skill at making casting nets, which he 
does during wet-weather sieges of 
arthritis. 

This man is a conscientious, hard- 
With no for- 
mal schooling beyond the seventh grade, 


working public servant. 


he is a mechanic, electrician and pipe 
fitter. His normal working day is only 
eight or ten hours, but he is on call 24 
hours, seven days a week—some at- 
tendance to the job is required 365 days 
a year. During the past 22 years he has 
had no vacation and has attended no 
short courses. 

It is readily conceded that this me- 
dian plant does not fully describe the 
situation, but it does illuminate a few 
significant points 


JOHN S. TELFAIR JR. 


Jour. AWWA 


1. The problems of the water works 
industry in Florida are those of the 
small system in the small city or town. 

2. The position of many, even most, 
of the operating personnel is not a 
happy one, and the rewards are not 
enough to attract additional good men. 

3. It follows, more or less naturally, 
that operation and maintenance are 
often inadequate and unsatisfactory. 

4. The subject of public relations is 
usually unheard of. Water to most 
citizens means merely turning on a tap. 

5. To many small city councils, the 
water works operator is a laborer on a 
par with the garbage collector. 


Conclusion 


To serve the water works industry 
in Florida, interest should be directed 
largely to the problems of the small 
system in the small city or town. 
There is much to be done in advancing 
the operation of water works, especially 
in the smaller communities. A great 
deal is being accomplished through 
short courses, but even more could 
be achieved by working out a classifica- 
tion and salary schedule to recommend 
to city governments 

In the field of public relations, it is 
necessary to foster an appreciation by 
the lay public of the water works in- 
dustry and its personnel. 

As individuals and through their as- 
sociations, water works men can dis- 
courage the building of systems too ex- 
pensive to pay for or too complex to op- 
erate properly on a limited budget. 


If you want water these days, you apparently pays your money and 
takes your choice between mysticism and science—dowsing, that is, and 
rainmaking. Of course, common sense does still enter into the picture 
once in a while—as in the case of the Pirnie-Friel report on the tristate 
Delaware River project—but, since the slide rule isn’t nearly as romantic 
as the peach twig or the dry-ice bomb, that’s something you can’t “see by 
the papers.” 

What's so attractive about these two opposites in technique is that 
they both still have many more skeptics than proponents or opponents. 
Dowsing has been in that equivocal position fer at least 22 centuries and 
promises to remain there for 22 more. And though by its very scientific 
nature, the rainmaking question is bound to be answered in a matter of 
mere years, for the moment it is stealing the diviner thunder, 

Right now rainmaking is making its biggest splash by virtue of New 
York City’s decision to give it a fling. Thus, in the metropolitan area, 
anything that bears upon the subject of cloud seeding is first-rate news. 
In the past few days, for instance, we've been undergoing a siege of in- 


formation giving blow-by-blow accounts of the City’s cloud-by-cloud con- 


sideration of the possibilities and reporting the status of cloud-busting in 
such other areas as California (where the California Electric Power Co. 
claimed a 12 per cent bonus of snowfall after a secret two-year experiment), 
New Mexico (where a 320-bil.gal. cloudburst was produced at a cost of 
$20 in silver iodide) and Arizona (where the Salt River Valley Water 
Users Assn. of Phoenix has installed land-based silver iodide vapor units 
following a demonstration that four times as much rain fell in a test area as 
outside it). Meanwhile, of course, all is not “pro” in the big city. Not 
only have outlying farmers warned authorities not to mess up their crops 
with ill-winded storms and Godfearing citizens cautioned them not to tamper 
with Nature, but the proprietors of a country club in the vicinity have al- 
ready filed suit to restrain the city from thus ruining their business. As 
we have noted many times during the meteoric rise of the rainmakers, 
there’s going to have to be a law ; and locally, at least, such a law is already 
(Continued on page 2) 
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(Continued from page 1) 
on the docket of the State Legislature. Of course, even if someone figures 
out a way to make the rain drop only into his own bucket, someone else 
is going to want that rain. 

With dowsing, the situation is different only inasmuch as a good dowse 
does not directly affect anyone but the person dowsed for. Yet even 
with this publicity handicap, dowsers have been getting more than their 
share of headlines ever since the printing press was invented. Thus, de- 
spite the fact that Wun Kwik Dip did it in China in the second century B.C., 
that German miners accomplished it with the schlagruthe before 1400 A.D., 
that it was done with the sidereal pendulum as early as 1700 A.D.—when 
William M. Chaney of Hagerstown, Md., recently pointed out a ground 
water supply with a “gadget” of his own making, it again rated a two- 
column story with pictures in the local press. The fascinating feature of 
all this business, of course, is that even its practitioners don’t know what 
it’s all about. Nervous stimuli, electromagnetic radioactive rays, osmosis, 
water-induced epilepsy, penetrating vision and hearing, innate geological 
competence have all been advanced as explanations, less often by the dowsers 
themselves than by those scientifically convinced. With most people, how- 
ever, it isn’t the explanation of the fact as much as the fact itself that’s un- 
believable. And such feats as Chaney’s 600 successful dowses, which pro- 
vided accurate data on depth, area and quantity of subterranean supplies, 
are usually explained away as good guesswork, good luck and the con- 
venient memory of local supporters. We, ourself, have written the subject 
off innumerable times, but it always crops up again to plague us, if only 
in the form of curiosity concerning the disposition of dowsers who fail. 

So now again, primarily because we have yet consciously to drink a 
drop of either “dowsed” or “induced” water, we're swearing off the subject 
—at least until some really conclusive evidence turns up. And nowadays, 
when they're able to establish scientifically that the Red Sea did actually 
separate, that ain't impossible. Meanwhile we'll promise to string along 
with the less sensational aspects of mere engineering, which, when you 
come right down to it, is a reasonably satisfactory expedient for obtaining 
water supply, at least until the real thing comes along. 


At the concrete pipe industry convention held in San Francisco last 
February, the newly formed American Concrete Pressure Pipe Assn. affili- 
ated with the 43-year-old American Concrete Pipe Assn. to form the coordi- 
nating master organization known as Concrete Pipe Associations Inc. 
Howard F. Peckworth acts as managing director of all three organiza- 
tions, with headquarters in Suite 1364, Builders Bldg., 228 N. LaSalle St., 
Chicago. Asa result of the affiliation of the two groups, one industry group 
represents manufacturers of concrete pipe for water supply and other pres- 
sure uses and for irrigation, drainage, sewers and culverts. 

(Continued on page 4) 
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AN OPPORTUNITY TO EXAMINE THESE 
AUTHORITATIVE WORKS WITHOUT OBLIGATION 


WELCH 


Limnological Methods 


Here in one convenient volume is a time-saving grouping of all the technical 
methods used by the worker in limnology. Methods wholly limnological and 
special modifications and adaptations of procedures from other fields of science 
are included. The book is conveniently divided into 4 parts covering: Hydro- 
graphic Mapping and Morphometry; Physical Methods; Chemical Methods; 
Biological Methods. In addition a valuable appendix giving lines, sources, 
tables, equipment, apparatus and supplies, and literature is included. 


96 Illustrations, 381 Pages, $7.00 


TAYLOR 
The Examination of Waters 


and Water Supplies 


(New 6th Edition) 


A world famous reference for over 40 years, this new edition has been com- 
pletely revised, and chapters on gathering grounds, underground supplies, 
waterborne disease, bacteriology of water samples and disinfection of water 
supplies have been entirely rewritten. The 6th edition retains the traditional 
format, but to keep the book from becoming unwieldly and yet include much 
new material, some paragraphs are set in smaller type. 


Numerous tables and plates and a 41-page appendix make this volume even 
more useful and practical. 


52 Illustrations, 819 Pages, $12.00 


Please send the books checked: 
Charge my account [1]; my check is enclosed 1. 
It is understood that you will credit my account in full 


for any books returned within 10 days. 

Company Welch's Limnological Methods 

ig 0 Taylor's The Examination of Waters and Water Supplies 
1012 Walnut Street 


Philadelphia 5, Pa. Addons... 
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United effort of the entire Association is needed in the preparation 
of the Tenth Edition of Standard Methods. All members are urged to 
correspond with R. L. Derby, Chairman, Committee W-9 (Chemical 
Methods), regarding current deficiencies and to recommend changes or 
additions in the standard procedures. All correspondence will be given 
careful consideration and will be referred to the proper subcommittees for 
further study and action. 


Volunteers who are interested in carrying out studies of certain tests 
mentioned in Standard Methods are also urged to communicate with 
Chairman Derby (Principal Sanitary Engineer, Dept. of Water & Power, 
207 S. Broadway, Los Angeles 12, Calif.). At present interest appears 
to be concentrated too greatly on certain procedures, leaving subcommittee 
vacancies in the following fields: 


color and turbidity chlorides, bromides and magnesium 
pH (electrometric) iodides effect of free chlorine 
buffers and indicators phenols and ecvanides on other tests 
sodium and potassium phosphates microscopic determina- 
silicon, iron and alum sulfates tions for algae 

inum dissolved oxygen arsenic, boron and se- 
polarographic methods tannin lenium 


The work of studying these procedures is essential to the preparation 
of the next edition of Standard Methods for the Examination of Water and 
Sewage, and those who have a professional interest in broadening our 
knowledge of, and improving the techniques for, these tests are urged to 
respond, 


Better than a better mousetrap and certainly a lot more timely is 
‘Beetsol,” a new hand cleanser that requires no yater. Now if this new 
product—which is supposed to “remove grease and grime in half the time” 
required by a soap and water scrub, and to banish paint, tar, ink, oil, asphalt, 
even glue, while soothing and refreshing the skin and not removing nail 
polish—can be properly sold in New York City, a big chunk of Water Com- 
missioner Carney s problem ought to be solved. Brought to our attention 
by its distributor, Burrell Corp. of Pittsburgh, “Beetsol” is apparently a 
vegetable derivative, manufactured by the Sugar Beet Products Co. of 
Saginaw, Mich. Now if we can only find a way to make onions wash more 


than just two little streaks down our faces, we ought to be all set to go 


clean through another drought right in our own gardens. 


(Continued on page 6) 
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and in plant after plant, the records 
show that Rex Water Treatment 
Equipment provides unequaled effi- 
ciency ... sets the standards for eco- 
nomical, long-life operation. 
Whether it’s a large plant or small, 
a look at the figures will convince 
you that Rex Equipment is right for 
your operation . .. primary or com- 
ii plete treatment. Specially trained Rex 
Rex Floctrol Engineers will be happy to assist you 
with your individual problems. For 
all the facts, write for your copy of 
Bulletin No. 48-41. Chain Belt Com- 
pany, 1609 West Bruce Street, Mil- 
waukee 4, Wis. 


Rex Conveyor 


Rex Slo-Mixers and Flash Mixers 


SANITATION EQUIPMENT 
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‘‘Wonderful day, isn’t it?’’ 


(Continued on page 8) 
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Please send me your bulletin “Caigon Controls Corrosion.” 


Name. 


having trouble 
with 
CORROSION 


in your 


water system?... 


controls 
corrosion 


This bulletin gives full de- 
tails. To get your copy, just 
fill in and mail the coupon. 


*T. M. Reg. U.S. Pat. Off. 


CALGON, INC. 


Hagan Bidg., 
Pittsburgh 30, Pa. 


Position. 
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Street and Number 
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The immediate enthusiasm which greeted A.W.W.A.’s call for en- 
tries in an amateur photography contest to be exhibited at the Philadelphia 


Conference next month convinces us that an awful lot of water workers re- 


ceived cameras for Christmas. 


the present contenders were then “contenters.” 
than satisfied with present coverage 


After all, it was only last year that we were 
vainly SOS'ing for cover picture material. 


Could be, of course, that all 
At any rate, we’re more 


as apparently you are—and we're 


looking forward to viewing what might have been. 


In the event that you, too, indulge in focus pocus and missed the 


previous invitation, the details of the contest are noted below : 


General Rules for A.W.W.A. Photographic Exhibit 
Philadelphia Conference, May 21-26, 1950 


The photographic exhibit is for en- 
tries submitted only by members of the 
Association, apd shall be of the following 
types of photography : 


Black and white photographs 

Kodachrome, Ektachrome or 
color prints 

Black and white transparency projec- 
tion slides 

Kodachrome or Ansco_ color 
parency projection slides 

Microphotographs 


Ansco 


trans- 


Developing, printing, enlarging or proc- 
essing may be done by a_ photofinisher 
or laboratory, but exposure of the origi- 
nal negative must be the personal work 
of the entrant. Do not mount photo- 
graphs. No art work or retouching 
should be done to prints or the negatives 
from which they are made. No com- 
posite pictures, multiple printing or mon- 
tages are acceptable as entries. Cropping 
is permissible 

Suitable awards will be made for prize- 
winning entries in the following 
fications, all of which must be related to 
or have some connection with water 
works or the operations thereof 


classi 


Construction: Pictures of work in prog- 
ress or in completed form 

plants, equip- 
usual or 


Operations: Pictures of 
ment and people engaged in 
unusual work and functions 
General Interest: Subjects may be build- 
ings, plants or people, conditions of emer- 
gency or disaster, civic activities, etc 
all of which must relate to or affect 
water works operations. 


Microphotographs: Pictures usually ob- 
tained from laboratory or sanitary re- 
search work. No trick photographs of 
the “What is it?” type are eligible. 

Entrants shall specify the classification 
in which the picture is to be entered. 
Unless so indicated, the judges will place 
the entry in the class in which they be- 
lieve it belongs. An entry may be made 
in each classification, but it shall consist 
only of one photograph or slide, except 
in the Construction classification where 
as many as five related entries may be 
made if continuity is thereby obtained in 
showing the progress of work or the 
results thereof. 

Black and white or color photographs 
should be not smaller than 4 * 5 in., nor 
larger than 10 in. in the longest dimen 
sion, and should be unmounted. 

Transparency projection slides may be 
in the 35 mm., 2 X 2 in. or 2 X 2¢ in 
sizes. 

Microphotographs should be printed on 
glossy paper and should be of size not 
smaller than 45 in. and not 
than 10 in 


larger 
in the longest dimension. 
Entrants should print their names and 
addresses on the reverse side of photo- 
graphs. Be careful not to 
heavily with the pen or marking device 
that the surface of the photograph be- 
comes marred. If possible, transparency 
projection slides should bear the name 
and address of entrants. Ii the slide 
margin is inadequate, a card giving such 
information should accompany the slide. 
The title caption or 
each picture or slide may be printed on 


press sO 


explanation of 
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ALCOA Sodium Fluoride, like all 
other Alcoa Chemicals, has a uni- 
form high degree of purity. It may 
be used with confidence for the flu- 
oridation of water supplies. ALCOA 
Sodium Fluoride flows freely . . . is 
easy to handle . . . dissolves at a 
uniform rate. Besides that, ALCOA 
is a dependable source of supply. 


HIGH PURITY 
ALCOA 
SODIUM FLUORIDE 
FOR THE 
FLUORIDATION 
OF 


WATER 


If your community is fluoridating 
its water supply —or is considering 
doing so—-let us discuss with you 
the properties of ALCOA Sodium 
Fluoride that make it particularly 
suitable for your use. Write to 
ALUMINUM CoMPANY OF AMERICA, 
Cuemicats Division, 624 Gulf 
Bldg., Pittsburgh 19, Pennsylvania. 


ALCOA) ALUMINAS and FLUORIDES 


| 

| ACTIVATED ALUMINAS + CALCINED ALUMINAS + HYDRATED 
ALUMINAS + TABULAR ALUMINAS + LOW SODA ALUMINAS 
ALUMINUM FLUORIDE + SODIUM FLUORIDE + SODIUM 
ACID FLUORIDE + FLUOBORIC ACID + CRYOLITE + GALLIUM 
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reverse of picture or margin of slide, 
if space permits; otherwise it may be 
typed upon a separate card. Briefness 


appeal, or the general interest they arouse. 
Photographic technique and excellence, 
while important, will not be the deciding 
factor. 


in titling is advised 

Do not mount photographs. They will 
be afforded a suitable display in a promi- 
nent location 

Arrangements will be made to provide 
for screen projection of slide entries. 

All entries will be judged on their 


Entries should be carefully packed and 
forwarded, after May 1, 1950, to: 


R. L. Tyler 

American Water Works Co., Inc. 
121 S. Broad St. 

Philadelphia, Pa. 


The “Meter New York City” campaign, which has been budding 
furiously as a result of the current water shortage, may yet be nipped by the 
opposition of the city’s landlords. Actually, of course, the problem of 
equitable distribution of water charges within a multiple unit dwelling is 
not an easy one, but the landlord’s conscience cannot be quite clean when 
he suggests that “tenants would deliberately waste water to get even with 
the landlord.” As a matter of fact the New York water department now 
has information from most of the metered big cities in the country to prove 
that central metering of apartment houses will do wonders in making the 
landlord repair plumbing leaks and that the practice has been of unquestion- 
able value both in conserving water and in establishing rates on a more equi- 
table basis. Unless landlords, themselves, have given New York tenants 
greater cause, we sort of doubt that they'll be any more vindictive than 
those of other cities. 

Well aware, anyway, of the patent unwisdom of outright opposition 


to any means of conserving water in these desiccated days, the landlords 


chose first the old “kiss of death” technique—advocating metering not 
only of apartment houses, but of individual apartments and, presumably 
(in view of their existing plumbing systems), of each pipe entering each 
apartment. And to ward off any accusations of impracticality, they sum- 
moned aid not only of their superlogicians of equitability, but of such 
amateur supporters as the 7imes letter writer, whose solicitousness took 
this unusual tack : 


The city should take the initiative in encouraging inventors to devise small 
attractive-looking meters which could be affixed behind faucets or on water lines 
anywhere. Almost certainly, with sufficient financial incentive, such inventions 
would be forthcoming. 
would not constitute eyesores. 


The meters might well be chromium-plated so that they 
Their manufacture and installation should be 
contracted for on a large scale. This would keep the price low and eliminate any 


undue burdens on the tenants. 


Failing even so to arrest the endeavor, the Real Estate Board of New 
York has turned now to another embrace, endorsing the proposed metering 


(Continued on page 12) 
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10000 reer more 


of the modern main 
that shortens the job 
and lengthens the service 


ITs KEM “Contury” 


ASBESTOS-CEMENT PIPE 


The light weight of this strong K&M 

Asbestos-Cement Pipe cuts shipping 

and haulage costs sharply; permits Yet all of that merely 
of more economical laying equip- begins the economies now win- 
ment; saves many dollars’ worth ning increasing favor for K&M 
of time. Even when a radius Pipe. This advanced pipe defies 
requires as much as 5° deflec- electrolysis and is highly resistant 
tion per pipe length, it is to soil corrosion. It doesn’t know 
easily swung with the tuberculation effects; therefore, inside 
‘‘Century’’ Simplex diameter, flow capacity and calculated 
Flexible Couplings reg- pumping costs hold constant. 

ularly used. This fea- 


Traffic stresses, earth settlement and 
ture, in conjunction 


chemical attack are all minimized by 
K&M Asbestos-Cement Pipe—the main that 
—_ ingltreg the years don’t weaken! As a final economy 
. oo this pipe is recoverable for re-laying in its 
se kfill —_ original pressure class. You can see why the 

7 , savings made and the service assured always do 
credit to those responsible for K&M “Century” 
Pipe installations. Write us for full data. 


KEASBEY & MATTISON 


COMPANY AMBLER + PENNSYLVANIA 


ANatine made 


Keasbey & Mattison has made it serve mankind since 1873 


and + at %.. 
| 
| 
3 
7 
<KiM 


12 PERCOLATION AND RUNOFF Vol. 42, No.4 


(Continued from page 10) 
program almost unqualifiedly—that is, subject to five “conditions,” not the 
least of which is that the city must “favor applications by owners to what- 
ever authority was then administering residential rent controls for adjust- 
ments of rents to permit passing along to the tenants any increase in water 


charges.” Of course, we don’t believe there would be any increases in 


water charges unless some real effort were exerted to incur them. Since 
even that is not beyond the realm of possibility in this friendly city, how- 
ever, we hasten to defret Commissioner Carney. Having experienced 
New York rents at their present level, we are convinced that any further 
increases will automatically result in some of those vacancies which land- 
lords apparently want and which current rent ceilings have more or less 
thwarted. And as New York City’s tenant population migrated to the 
surrounding countryside, at least its water consumption would be reduced 
in proportion. 


The 18th Annual Short Course and Conference sponsored by the 
Florida Committee on Water Supply and Sewerage Education is to be 
held at Gainesville June 5-10. As in the past, a continuous training pro- 
gram for water, sewage and swimming pool personnel will be provided. 


A Meter Repair and Allied Activity School sponsored by the North 
Carolina Section is to be held in Winston-Salem on April 21 and 22. 
Registration will be in the lobby of the City Hall, and the only fee will be 
the cost of a Dutch Supper. J. L. Greenlee of the Charlotte Water Dept. 
is acting as chairman of the arrangements committee. 


Edward Hyatt, chief of California's Div. of Water Resources and 
state engineer, has retired after more than 35 years of service. He began 
his career with the state in 1914 as an engineer with the Highway Commis- 
sion and two years later was transferred to the newly organized Water 
Commission, now known as the Div. of Water Resources. 

(Continued on page 16) 


SUBMERGED PIPE LINE 
CONSTRUCTION 


BOYCE COMPANY 


Phone 3-2530 Clearwater, Fla. 
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ALWAYS 
READY 


HYDRANTS 


and VALVES 


HUB ENDS... FLANGED ENDS... UNIVERSAL 
OR STANDARDIZED MECHANICAL JOINT 


VALVES—-AWWA approved iron body, 
bronze mounted with double disc paral- 
lel seat or solid wedge. Non-rising 
stem, outside screw and yoke... hy- 
draulic or motor operated... spur or 
bevelled gear... square bottom and 
low pressure. Also, approved Under- 
writers and A.F.M. series. 


M & H PRODUCTS INCLUDE— 

FIRE HYDRANTS ELECTRIC MOTOR 
GATE VALVES OPERATED VALVES 
WALL CASTINGS SHEAR GATES 
SPECIAL CASTINGS MUD VALVES 


TAPPING SLEEVES 
AND VALVES FLAP VALVES 


CHECK VALVES SLUDGE SHOES 
FLOOR STANDS FLANGE AND FLARE 
SPRING LEVER FITTINGS 


CHECK VALVES 
EXTENSION STEMS SLANGED FITTINGS 


HYDRAULIC 
OPERATED VALVES CUTTING-IN TEES 


ANNISTON, ALABAMA 
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The Reading Meter 


Hydroelectric Handbook. William P. Creager & Joel D. 
Justin, ed. John Wiley & Sons, New York (2d ed., 1950) $12.50 

By one of those quirks of fate this volume appeared just a few 
days after the death on February 21 of Joel D. Justin, the junior 
editor. The 1,150-page, 5-lb. tome is intended as a compendium of 
hydroelectric practice for both student and practicing engineer. Cer- 
tain chapters—such as those on rainfall, runoff, river gaging, stream 
and flood flows, hydraulics, storage, dams, intakes, pipe and water 
hammer—are of almost equal interest to the water works field. 


Engineering Papers of Hydraulic Institute, Vol. II. Hy- 
draulic Institute, 90 West St., New York 6 (1950) $2 

This 62-page booklet contains four award-winning engineering 
papers by employees of the pump manufacturers for which the insti- 
tute serves as a trade organization. The papers are “Cavitation in 
Centrifugal Pumps” by A. J. Stepanoff, “The Centrifugal Pump in the 
Process Industries” by A. T. Nielsen, “The Operation of Centrifugal 
Boiler Feed Pumps” by Hans Gartmann, and “Submergence for 
Centrifugal Condensate Pumps” by Hollis T. Waldo. 


Bibliography of Polarographic Literature. Bihbliog. E-90(1). 
Leeds & Northrup Co., 4907 Stenton Ave., Philadelphia, Pa. (1950) 
free 

A bibliography of 2,208 references, from the earliest preliminary 
investigations in 1903 up to mid-1949, is offered to research workers 
interested in polarographic analysis. The listing is chronological, 
with subject and author indexes included, and forms a booklet of more 
than 100 pages. 


A.S.T.M. Standards on Industrial Water. American Society 
fer Testing Materials, 1916 Race St., Philadelphia 3, Pa. (1950) $1.75 

A 142-page compilation, paper bound, of various A.S.T.M. 
standards—-26 in all—for sampling, analysis and testing of industrial 
waters, particularly those intended for steam generation, process or 
cooling purposes. Corrosivity tests and a bibliography of A.S.T.M. 
symposiums and technical papers are also included. 
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Dont Overlook 
Pneumatic Ganges / 


Builders Pneumatic Filter Gauges are becoming increasingly popular with 
water works men. These features tell why! 


SIMPLE CLEAN-CUT INSTALLATION. 
Builders Pneumatic Gauges make possible 
the complete elimination of cables, wires, 
cords, and pulleys from the pipe gallery. 
Riser and bubble-pipes are unnecessary. 
EXTREME FLEXIBILITY. Locate the trans- 
mitters and receivers wherever most con- 
venient and connect with 4" copper tubing. 
SENSITIVITY COMBINED WITH STURDI- 
NESS. Unusual accuracy and sensitivity in 
equipment having the sturdy, long-life con- 
struction needed in water works service. 
EASY-TO-READ DIALS. Uniformly-spoced 
graduations throughout entire measuring 
ronge. 

AUTOMATIC PROPORTIONAL CHEM- 
ICAL FEED. Both dry and solution-type 


LOSS OF HEAD 
«RATE OF FLOW 


chemical feeders are readily adapted for 
proportional control from rate of flow using 
Builders Pneumatic Flow Meters. 


SUMMATE FILTER OUTPUT. Adds flow 
from any number of filters or pumps and 
shows total flow on panel or wall mounted 
gouges. 

TRIED AND PROVEN. Builders Pneumotic 
Gauges and Meters are used in the nation’s 
most modern plants, including Chicago's 
South District Filtration Plant and the La 
Verne Softening Plant of the Metropolitan 
Water District of Southern California. 


For complete information and descriptive 
Bulletins, address Builders-Providence, Inc. 
(Division of Builders tron Foundry), 365 
Harris Ave., Providence, R. |. 


as Pneumatic Filter Gauge installation for 
metering loss of head and rate of flow. The 
Pneumatic system is also ideal for checking 
liquid level and sand expansion, and for 
summation of total plant operation. 


BUILDERS PRODUCTS 


The Venturi Meter * Propelofio and Orifice 
Meters * Kennison Nozzles * Venturi Filter 
Controllers and Gauges * Conveyoflo Meters 
* Type M and Flo-Watch Instruments * 
Wheeler Filter Bottoms * Master Controllers 
* Chlorinizers — Chlorine Gas Feeders * 
Filter Operating Tables * Monometers * 
Chronoflo Telemeters 


BUILDERS = PROVIDENCE 


/ 720217100001 
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(Continued from page 12) 


Joseph W. Ellms, retired commissioner of sewage disposal for Cleve- 
land, Ohio, died of a heart ailment on January 8. He was 82 years old. 
Besides his work in sewage disposal, he was known widely as an authority 


on water purification. He had been superintendent of the Cincinnati, 


Ohio, filtration plant for ten years before coming to Cleveland in 1918, and 
he served as commissioner from 1937 until his retirement last October. 


E. Harold Johnson, representative for A. P. Smith Mfg. Co. and 
Worthington-Gamon Meter Co. in Florida, died suddenly on January 24, at 
the age of 62. Before joining the Smith organization in 1940 he had been 
associated with Stone and Webster Engineering Corp., Lockwood Green 
and Co., and the South Florida Foundry and Machine Works. 


A. G. Levy, chief civil engineer for the Cleveland, Ohio, utilities 
department, died on February 21, at the age of 65. He had been a member 
of A.W.W.A. for 40 years. A native of Galveston, he had served as a 
captain in the Corps of Engineers during World War I and came to Cleve- 
land in 1919, 


Raymond Seydel, junior chemist and bacteriologist for the Minne- 
apolis Water Works Dept., Columbia Heights Filtration Plant, died sud- 
denly on December 24, 1949. He was a graduate of the University of 
South Dakota, from which he received an M.A. degree in chemistry in 1933, 
and served as a major during the war. 


Builders-Providence, Inc., has moved to new and larger quarters at 
345 Harris Ave., Providence, after over a century at the 9 Codding St. 
location (130 years, to be exact). More ample facilities will also be pro- 
vided at the new address for the associated companies, Proportioneers, 


Inc., and Onsega Machine Co. 


(Continued on page 20) 


Streng 
Iki 
Coupoune —_ishiness 


There has never been a single reported case of 
a failure of a BOND-© joint. 


For what other Jointing compound can such 
claims be made? 


NORTHROP & COMPANY 


SPRING VALLEY, NEW YORK 
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Prices Consistent 
With Quality 


Water Service Products 


Hays Manufacturing Company 
Erie, Pennsylvania 
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Without crushing strength—or, for that matter—without all 

of the strength factors listed opposite—-no pipe laid 100 years 
ago in city streets would be in service today. 

But, in spite of the evolution of traffic from horse-drawn 
vehicles to heavy trucks and bysses—and today’s vast complexity 
of subway and underground utility services—cast iron gas 

and water mains, laid over a century ago, are serving in the 
streets of more than 30 cities in the United States and Canada. 
Such service records prove that cast iron pipe combines 

all the strength factors of long life with ample margins of safety. 
No pipe that is provably deficient in any of 

these strength factors should ever be laid in city streets. 

Cast Iron Pipe Research Association, 

Thos. F. Wolfe, Engineer, 122 So. Michigan Ave., Chicago 3. 


CAST IRON PIPE 
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factors Long life 


No pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


CRUSHING STRENGTH 


BEAM ‘4, STRENGTH 


SHOCK STRENGTH 


BURSTING STRENGTH 


The ability of cast iron pipe to withstand ex- 
ternal loads imposed by heavy fill and unusual 
traffic loads is proved by the Ring Compres- 
sion Test. Standard 6-inch cast iron pipe 
withstands a crushing weight of more than 
14,000 Ibs. per foot. 


When cast iron pipe is subjected to beam 
stress caused by soil settlement, or disturb- 
ance of soil by other utilities, or resting on 
an obstruction, tests prove that standard 
6-inch cast iron pipe in 10-foot span sustains 
a load of 15,000 Ibs. 


The toughness of cast iron pipe which enables 
it to withstand impact and traffic shocks, as 
well as the hazards in handling, is demon- 
strated by the Impact Test. While under 
hydrostatic pressure and the heavy blows 
from a 50 pound hammer, standard 6-inch 
cast iron pipe does not creck until the ham- 
mer is dropped 6 times on the same spot from 
progressively increased heights of 6 inches. 


In full length bursting tests, standard 6-inch 
cast iron pipe withstands more than 2500 lbs. 
per square inch internal hydrostatic pressure, 
which proves ample ability to resist water- 
hammer or unusual working pressures, 


PERCOLATION AND RUNOFF V ol. 42, No.4 


(Continued from page 16) 


The old love and war combination recently got the Army Corps of 
Engineers all mixed up in the love life of the shad. Ignoring the old saw, 
Maryland fisheries’ experts accused the Army of unfairness to the shad 
in proposing a Susquehanna River dam that would block the way to its 
spawning grounds. They called in Oregon fishery friends to support 
them in the contention that shad couldn't be coaxed or taught to climb 
ladders. But Col. Donald S. Burns, out at Bonneville Dam in Oregon, 
splashed through with a count of 255,260 shad that had climbed the ladders 
at Bonneville in the last dozen years and the Oregon testifiers were forced 
to admit that most Columbia shad didn’t indulge in climbing because their 
regular spawning grounds were further downstream. With their point 
won, the Army men softened, too, to the point of conceding that some of the 
shad would probably be too lackadaisical to surmount such an obstacle. 
Anyway it’s spring and, if love is all they say it is, no self-respecting shad 


would even need a ladder. 


Walter H. Brown, formerly superintendent of the Cranston, R.I., 
sewage plant, has joined the staff of Builders-Providence, Inc., as sales 
engineer. 


(Continued on page 40) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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SLUDGE BLANKET 


fresh and active 
at all times! 


Water Conditioning 
Headquarters 
for over 36 years 


¢ Operating on the principles of 
precipitation, adsorption, set- 
tling and upward filtration, the ‘ae 
Permutit Precipitator lends itself IMPORTANT 
to a variety of applications be- OPERATING 
sides softening: removal of tur- ADVANTAGES: 


bidity, color, taste, odor, alkalin- 
ity, silica, and fluorides. 


Write for full information to The 
Permutit Company, Dept. JA-4, 
330 West 42nd St., New York 
18, N. Y., or to Permutit Com- 
pany of Canada, Ltd., Montreal. 
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| 2 Saves you up to 
3 75% in time 
5 Uniform sludge filter 


CORRESPONDENCE 


In a Family Way 
To the Editor: 

The water works family of Fred- 
ericksons have us all confused and | 
am going to attempt here to straighten 
out the family tree for my own records 
as well as A.W.W.A.’s. The February 
issue of the JournaL (P&R p. 18) has 
the two generations reversed, so per- 
haps the following will straighten 
things out: 

Pres. & 


Pima, 


A. Fredet ickson, 
Utilities Co., 


Father: 
Gen. Megr., City 
Ariz. (Oct. ’49) 

Son; A. Anton Frederickson, Pres. 
& Gen. Supt., Copper State Utilities 
Co. and Northern Water Utilities Co. 
(these two utilities located in the su- 
burban area of Phoenix, known as 
Scottsdale) ; also Supt. of City Utili- 
ties Co., Pima, and General Utilities 
Co., Duncan, Ariz. (July ’47). 

Daughter: Margaret Frederickson, 
Asst. Mgr. & Secy.-Treas., City Utili- 
ties Co., Pima, and General Utilities 
Co., Duncan, Ariz. (Oct. ’49). 

I am certainly partially to blame for 
the confusion since | had carried the 
son’s name on our books for years as 
“Jr.,” only to find out now that he is 
not a junior, but simply A. Anton. I 
hesitate to add that there is an A. 
Anton Jr., who will be old enough in 
a few years to add another Frederick- 
son to A.W.W.A. rolls. That might 
make the first case of three genera- 
tions in A.W.W.A 

HeLten 
Secy., Arizona Sec., AW .W.A. 
Phoenix, Ariz.; Feb. 23, 1950 


Vol. 42,No.4 


To the Editor: 

Re “Blood is thicker than water” 
(P&R p. 18, February, JourNAL) : 

Wittis’ Buttock (1844-1908). 
President of the Village of Canajo- 
harie. Father of the present Munici- 
pal Water System of the Village of 
Canajoharie. Owner and editor of the 
Hay Trade Journal. Organizer of the 
National Hay Assn. 

Daniet Wesster (1853- 
1918). Water works operator for 
Johnson and Gring, Pa. With Ameri- 
can Pipe & Construction Co. in New 
York, Pennsylvania, South Carolina 
and Alabama. Was Filter Plant Oper- 
ator in Rock Hill, S. C., at the time of 
his death. 

DeWitt H. Buttock (1889- ). 
Superintendent Canajoharie Water 
Works from 1927 to date. 

Willis Bullock and Daniel Webster 
Smith were respectively my father and 
father-in-law. I doubt if they were 
members of the A.W.W.A., however 
especially Willis Bullock. 

DeWitt H. Buttock 
Supt., Water System 


Canajoharie, N. Y.; Feb. 27, 1950 


To Miss Rotthaus, thanks for recov- 
ering our Frederickson fumble and for 
keeping her A.W.W.A. eye on newly 


water-born prospects. To Mr. Bul- 
lock, thanks for conclusive evidence 
that water runs in the family even 
more quickly than blood. And to T. 
W. Thorpe, Pres. & Gen. Mor., 
Thorpe Well Co., Des Moines, lowa 
(Oct. °34), thanks for adding to our 
story two sons—John W. and 
Thomas C.—whose enrollment as mem- 
bers is announced in this issue —Eb. 


with 
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WORTHINGTON - GAMON 


WATCH DOG 
The meter used by (ised 


thousands of munic- 


ipalities in the U. S. =” WATER METERS 


} 


“Watch Dog” models 

. . made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 


LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON METER CO. 


296 South Street, Newark 5, New Jersey 
SUBSIDIARY OF 

NGTON 

<= 


WORTHINGTON PUMP AND MACHINERY CORPORATION 
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Professional Services 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphie 7, Pa. 


Valuations 


121 S. Broad St. 


CLINTON L. BOGERT 
ASSOCIATES 


Consulting Engineers 
Cumwron L. Boozagr Ivan L. Boourt 
J. M. M. Gaete Rosert A. 
Donato M. Arravr P. AckERMAN 
Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Avenue New York 22, N. Y. 


Cuas. B. Louis R. Howson 
Donato H. 


ALVORD, BURDICK & HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage I 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 
Valuations— Reports— Designs 
110 Williams Sr. 2082 Kings Highway 
New York 7, N.Y. Fairfield, Conn. 


= 


CARL A. BAYS & ASSOCIATES 


Geologists —Engineers—-Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address —P.0. Box 189 
Urbana, Illinois 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Disposat— 
Hypravciic 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 


A. 5. BEHRMAN 
Chemical Consultant 
Water Treatment 


lon Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad St. Columbus 15, Ohio 


— 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


= — 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS-—-TREATMENT— 
CONTROL— RESEARCH 


968 S. Oak Se. Gainesville, Fla. 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Kansas City, Mo. 
P.O. Box 7088 


Cleveland, Ohio 
1404 EB. 9th Se. 


JAMES M. CAIRD 
Established 1898 
C. E. Currros, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 
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CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Works 
Industrial Wastes—Carba Jisposal 
Roads— Airports— Brid ges— Ficod Control 
Town Planning— Appraisals 
Investigauons & Reports 


Harrisburg, Pa. 


Scranton, Pa. 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 E. Park Way at Sandusky 
PITTSBURGH 12, PA. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 
New York Reading, Pa. Washington 
Houston Philadelphia 


CONSOER, TOWNSEND 
& ASSOCIATES 


Sewerage 
Flood Control & Drainage—Bridges 

Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


351 E. Ohio St. Chicago 11 


Water Supply 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Water Supply and Purification 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Design, Construction & Supervision of 
Operation 
Laboratory Service 


DE LEUW, CATHER & COMPANY 


Sewerage 


Water Supply fe 
ighways 


Railroads 
Grade —Subways 
cal Transportation 
Investigations— Reports—Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister Se. 
Chicago 6 San Francisco 2 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 


Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Charlies E. Spofford Ralph W 
John Ayer William L Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Surety 
Sewerace Sewace TreaTMent— AIRPORTS 


Investigations Reports Designs Valuations 
Supervision of Construction 
Boston New York 


Horne 


HAVENS & EMERSON 
W. L. Havens C. A. Emerson 

A. A. F.C. F. W. Jones 

Consulting Engineers 

Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 
Leader Bidg. Woolworth Bidg. 

CLEVELAND 14 NEW YORK 7 


O. S. FENT 
Consulting Ground Water Geologist 


Water Supply Surveys 
Complete Test Drilling Service 


Box 477 Salina, Kansas 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation Industrial Wastes 


Design, Construction, Operation and Management 
Reports and Valuations 


2314 Girard Trust Co. Bidg. 
Broad St. & S. Penn Square 
Philadelphia 2 


eee 1001 N. Front St. Harrisburg, Pa. 

: 
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HITCHCOCK & ESTABROOK, INC. 
Lester D. Lee, Associate 
Consultants to Municipalities since 1920 
Water, Sewerage. Paving, Power Plants, Airporta, 
Publie Buildings, Surveys and Appramals 


241 Sheridan Rd. 
Menominee, Mich. 


‘321 Sexton Bidg. 
15, Minn. 


Roberto Meneses Hoyos & Co. 


Ground Water Engineers 
Geophysics 
Flow Tests 
Explorations Reports 
Design, Valuations & Supervision 


Reforma 12 Mexico City 


Water Supply 
Test Drilling 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. Horner 8. W. Jens 
H. Shifrin E. E. Bloas 
V. C. Lischer 


Water Supply —Airporte—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment— Munici- 
pal Engineennng— Reports 


Shell Building St. Louis 3, Mo. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


Airfields Valuations 
Laboratory 


Statler Buildi 
Boston 16 


111 Sutter Se. 
San Francisco 4 


— 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


75 W. Jackson Bivd. 
Il. 


THE H. C. NUTTING COMPANY 
Engineers 
Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 


Meter and Fire Flow Test 
4120 Airport Road Cincinnati 26, Ohio 


JONES, HENRY & 
SCHOONMAKER 
(Formerly Jones & Henry) 

Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Toledo 4, Ohio 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 
Engineers 


Dams Water Works Sewerage 
Airports Bridges Tunnels 
Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Ww orks Valuations 
Power Developments Industrial Buildings 


$1 ays New York 6, N.Y. 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


—4 
MALCOLM PIRNIE ENGINEERS 


Civil & Sanitary Engineers 


Prante Erxnest W. Wurrtocs 
Ricuarp Hazen G. G. Wenner, Jr. 


Reports, Plans 


Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 18, N. Y 


R. M. LEGGETTE 
Consulting Ground Water Geologist 
Salt Water Problems 

Investigations 
Reports 


Water Supply 
Dewatering 
Recharging 


351 Fifth Avenue New York 17, N. Y. 


THE PITOMETER COMPANY 


Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


New York 7, N. Y. 


| 

| 

50 Church St. 


Professional Seruices 27 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification: Sewerage & Sew- 
Disposal; Industrial Wastes ; Swimming Pool 


Control; Investigations & Reports; Design; 
Supervision of Construction; Operation 


Analytical Laboratories 
1 Lee Place Paterson 1, N. J. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—Sewerage 
Drainage—Flood Control 
Airporte—Electric Power 


Hershey Building 
Muscatine, le. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th St. New York 55, N.Y. 


ALDEN E. STILSON & ASSOCIATES 


Water Supply Sewerage Waste Disposal 


Limited 
Consulting Engineers 


RIPPLE & HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


426 Cooper Bidg., Denver 2, Colo. 


Mechanical Structural 
Surveys Reports Appraisals 
209 South High Se. Columbus, Ohio 
WARD & STRAND 
Engineers 
Water Power 
Sewerage Drainage 
Industrial Wastes — Industrial Building 
Paving 
1 W. Main Se. Madison 3, Wis. 


NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 
Reports 
Advisory Service 


1309 Anita Ave. Houston 4, Tex. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical! and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


RUSSELL & AXON 
Consulting Engineers 
Geo. 8. Resse. F. E. Wencer 
Jon Writtamson, Jr. 

Water Works, Sewerage, Sewage Disposal, 
Industrial and Power Plants, Appraisals 
408 Olive Sc. Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
ete., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WHITMAN, REQUARDT 
& ASSOCIA 


Engineers Consultants 
Civil—Sanitary — Structural 
Mechanical —-Electrical 
Reports, Plans, 
Supervision, Appraisals 
1304 Se. Paul Sc. Baltimore 2, Md. 
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MEMBERSHIP CHANGES 


Membership Changes 


AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


Applications received February 1 to 28, 1950 


Abul-Fetouh, Abdel- Hadi, Sr. Lec turer, 
Faculty of Eng., Farouk El-Awal Univ., 
\lexandria, Egypt Glan. '50) MR 


Univ. of Michigan, 


, Ann Arbor, Mich. (Jr. M 


Eng., 
Huron St 
lan. '50) 


Allin, Ralph W., Engr., Water Dept, 319 
City Hall, Pasadena, Calif. (Jan. '50) 


Baldwin, Robert T., see Chlorine Institute, | 


Inc., The 

Barrows, Harold Lyndon, 
Jones Co., 1527 S. 3rd St., 
Ind. (Jan. '50) P 


Bastian, Leonard C., ech 
Conditioning & 
ery Assn., Inc., 717 Southern 
Washington 5, D.C. (Jan. '50) R 


Blake, Herbert P., 


Time Co., The 


Blew, Michael J., Col., Chief, Water 
Supply & San. Services Section, R & U, 
OCE, Washington 11, D.C. (Jan. '50) 
MP 


Bowers, Addison Clement, Pres. & Gen. 
Mer., Culligan Soft Water Service of 
San Diego, 2641 Kettner Blvd., San 
Diego 1, Calif. (Jan. '50) PR 


Britton, J., Production Mer., The Canada 
Valve & Hydrant Co., Ltd., Brantford, 
Ont. (Jan, 


John Wiley 


Terre Haute, 


Director, Air 


see Standard 


| Cushing, Elliott M., 


V ol. 42, No.4 


| Brown, Roger Chipman, Pres., Clarence 


Blair Assoc., Inc., 100 Crown St., New 
Haven, Conn. (Jan. '50) PR 
Burris, George, 
Water Works 
Cast Iron Pipe Research Assn., Thomas F. 
Wolfe, Chief Engr., 122 S. Michigan 
Ave., Chicago 3, Il. (Assoc. M. Jan. '50) 


see Greendale Munic. 


| Chlorine Institute, Inc., The, Robert T. 


Baldwin, Secy., 50 E. 41st St., New 


York 17, N.Y. (Corp. M. Jan. "50) 
Coker, Joe Ellis, Munic. Engr., Arkansas 

Inspection & Rating Bureau, 512 Hall 

Bldg., Little Rock, Ark. (Jan. '50) M 


Colfax Munic. Water Works, H. \V. Nu- 
gent, Supt., Colfax, La. (Munic. Sv. 
Sub. Jan. '50) MP 


Dist. Engr., U.S. 

Geological Survey, Water Resources 

Div., Ground Water Branch, Memphis 

General Depot, Memphis 2, Tenn. 
(Jan ‘50) 

Davis, Edward Thomas, Partner, The 
Chester Engrs., 210 East Park Wav, 
Pittsburgh 12, Pa. (Jan. '50) MPR 


Service Mer. Wee 
Ad A: AB, Student, San, | Service Mer., West 


1204 E. | 


Virginia Water Service Co., 181 Sum- 
mers St., Charleston, W.Va. (Jan. 
de Albear y Franquiz, Jesus Francisco, 
Chief Enegr., Cuban Geodetic Section, 
Instituto Cartografico Nacional, Edifi- 
cio Castro, Calle 25, No. 160, Vedado, 

Havana, Cuba (Jan. '50) PR 


| Edmonston, Arthur Donald, State Engr., 


Div. of Water Resources, Dept. of 
Public Works, Public Works Bldg., 
Sacramento, Calif. (Jan. 50) MPR 


| Ellsworth, City of, Ray A. Fried, Water 
Refrigerating Machin- | 
Bldg., | 

| Fahlander, Lennart S., Salesman, 
Elec. | 


Supt., Ellsworth, Kan. (Corp. M. Jan. 

MPR 

lowa 

Valve Co., 201 N. Talman Ave , Chicago 
Ill. (Jan. *50) 

Frank, M. H., see Wisconsin 
Light Co. 

Franklin, Town of, |. L. Smith, City Mer., 
Box 141, Franklin, Tenn. (Munic. Sv. 
Sub. Jan. '50) MP 

Fried, Ray A., see Ellsworth, City ot 


Power & 


| Garden City, City of, Clinton P. Lightner, 


Supt. of Utilities, Garden City, Kan. 
(Corp. M. Jan.'50) MPR 

Gardner, Waiter A., San. Engr., Fieldcrest 
Mills, Spray, N.C. (Jan. ’50) P 


(Continued on page 30) 


28 
SHip 
om 


Apr. 1950 JOURNAL A.W.W.A, 29 


WATERWORKS ENAMEL 


MEETS EVERY REQUIREMENT OF THE 


W orks Association 


The ability of Barrett* Waterworks Enamel to 
prevent incrustation of interior pipe surfaces ... to protect 


external surfaces from corrosion ... to withstand pipe 


movements normal to water supply service... 
and to perform satisfactorily under extremely gael) 
high velocities ... has been repeatedly . 


demonstrated in actual service on many 


ft THE BARRETT DIVISION 
great city water supply projects. ALLIED CHEMICAL & DYE CORPORATION 
*Reg. U.S. Pat. of 40 Rector Street, New York 6, N. Y. 


THE 145-PAGE, ILLUSTRATED, BARRETT WATER WORKS MANUAL is avail- 
able on request. It reproduces the A.W.W.A. Specifications, and 
shows types of equipment and application data of interest to design 
and construction engineers, water department officials, and others 
concerned with conservation, supply, distributicn, irrigation, or 
power projects. Send for your copy. 


* 
STAND: 
for 
COAL-TAR ENAMEL pROTECTIVE COATINGS } 
(7A.5—7 4-6) 
| 
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Elec. & 
Marshfield, 


Gersbach, 
Water Dept., City 
Wis. (Jan. '50) M 

Goldsboro, City of, Kermit N. Massey, 
Supt., Water Plant, City Hall, Golds- 
boro, N.C. (Corp. M. Jan. '50) MP 


Gracey, Howard, see Hugoton, City of 


Greendale Munic. Water Works, George 
Burris, Mgr., Lawrenceburg, Ind. (Corp. 
M. Jan. '50) MP 

Grover, Charles, Water Works Engr., 
Water Works, 220 N. Charity St., 
Bethel, Ohio (Jan. '50) 


Heath, Donald Murray, Service Engr., 
10414 S. Buckeye St., Kokomo, Ind. 
(Jan. '50) M 

Heffner, Sam F., Supt., Water Dept., City 
Blidg., Bradford, Pa. (Jan. '50) M 

Higbee, J. C., see Inter-Urban Area of 


Burlington-Nelson 


Henry, Foreman, 
Hall, 


Hill, Charles L., Supervisor, Billing & 
Meter Reading, West Virginia Water 
Service Co., 181 Summers St., Charles- 
ton, W.Va. (Jan. '50) 


Holman, Raymond Carson, 


Collector- 
Investigator, Water Dept., Ft. Lauder- 
dale, Fla. (Jan. M 

Hottinger, S. E., Jr., Munic. Engr., 
Louisiana Rating & Fire Prevention 
Bureau, 609 Canal Bank Bldg., New 
Orleans, La. Jan. '50) M 

Hugoton, City of, Howard Gracey, Supt. 
of Utilities, Hugoton, Kan. (Corp. M. 
Jan. MPR 

Inter-Urban Area of Burlington- Nelson, 
J. C. Higbee, Engr., Burlington, Ont. 
(Corp. Jan. 

Jenkins, Walter, Secy.-Treas., Kimball 
Bros. Co., Box 301, Council Bluffs, lowa 
(Jan. M 

Jordan, J. L., Supervisor, West Virginia 
Water Service Co., 181 Summers St., 
Charleston, W.Va. (Jan. 50) 

Kelley, Robert W., Jr., Cons. Engr., 16 
Bay Villa Drive, Baytown, Tex. (Jan. 
MPR 

Kennedy, John J., Director of Water, 504 
City Hall, Buffalo 2, N.Y. (Jan. '50) M 

Kent, Charles L., Metallurgical Engr., 
Jones & Laughlin Steel Corp , 3rd Ave. 
& Réss St., Pittsburgh 30, Pa. (Jan. '50) 

Kilbreath, Howard Emory, Supt., Public 
Works, Imlay City, Mich. (Jan.'50) MP 


Kinsley, City of, Albert E. Wilson, City 
Mgr., Kinsley, Kan. (Corp. M. Jan. '50) 
MPR 

Kirchman, Harry H., Prin. Civ. Engr., 
Blue Grass Ordnance Depot, Post Engr. 
Office, Richmond, Ky. (Jan '50) MPR 

Larkin, Frances R. (Mrs.), Owner-Mer., 
Culligan Soft Water Service, 725 S 
Garfield Ave., Alhambra, Calif. (Jan. 
P 

Lee, Roderic B., Production Engr., Florida 
Power Corp., St. Petersburg, Fla. (Jan. 
P 

LePage, Albert J., San. Engr., Metropoli- 
tan Dist. Com., Water Div., Common- 
wealth Rd., Natick, Mass. (Jan. '50) 

Leslie, Will Eddieman, Mer., City Utilities, 
Box 337, Llano, Tex. (Jan. 50) M 

Lightner, Clinton P., see Garden City, 
City of 

Livingston City Council, Box 355, Living- 
ston, Calif. (Corp. M. Jan. 50) M 

Luoma, Merlyn George, Handyman, 
Grand View Hospital, Ironwood, Mich. 
(Jan. '50) P 

Lyon Chemicals, Inc., D. B. Morris, Pres., 
2305 Hampden Ave., St. Paul 4, Minn. 
(Assoc. M. Jan. '50) 

Maley, Alexander B., see Sterne & Maley 
Co. 

Mariani, A. S., Secy.-Treas., Mariani- 
O'Brien, Inc., 301—22nd St., S., St. 
Petersburg, Fla. (Jan. 

Massey, Kermit N., see Goldsboro, City of 

Matthews, John Lepére, Mer., City of 
New Castle Water Co., 31 N. Mill St., 
New Castle, Pa. (Jan. 50) M 

Mojave Public Utility Dist., Fred Y. 
Wilkerson, Clerk, 401 K St., Mojave, 
Calif. (Corp. M. Jan. '50) M 

Montel, Joseph I., Chem. Engr., Water 
Service Labs., Inc., 423 W. 126th St., 
New York 27, N.Y. (Jan. '50) PR 

Moore, Robert E., Chief Operator, Cana- 
dian Celanese, Ltd., 606 Brock St., 
Drummondville, Que. (Jan. 50) 

Morris, D. B., see Lyon Chemicals, Inc. 

Nesheim, Peter, Supt., City Water Works, 
Williston, N.D. (jan. '50) MP 

Nier, Edward F., Comr. of Public Works, 
Dept. of Public Works, 34 Court St., 
Rochester, N.Y. (Jan. '50) M 

Nugent, H. V., see Colfax Munic. Water 
Works 


(Continued on page 32) 
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RENSSELAER 
CHECK VALVES 
Stat’ SLAM: 


EARNS 


Dene always possibility of serious 

SLAM trouble on pump shut down, 
especially where gradient is steep or where 
pumps are manifolded and shut down in- 
dividually. Rensselaer check valves solve 
this problem, END this trouble—yet their 
construction is simple, and head loss com- 
paratively low. Their lever-and-adjustable - 
spring-construction eliminates SLAM by 
seating the gate at the same instant the 
water column in the discharge line comes 
torest. These valves are ideal for pumping 
plants; water, oil, gasoline; chemical and 
process industries; marine service, drydocks; 
fire protection systems. For complete data, 
see new Catalog H. 


LEADERSHIP FOR OVER 65 YEARS 


SELAER 


VALVE COMPA 
Gote Valves * Square Bottom Valves 
Check Toppeng Sleeves and Valves Aw Release Valves 
TROY, NEW YORK 


of Neptune Meter Company 
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Heavy Stainless Steel Main 
Hinge Shoft...Heavy Solid 
Bronze Gote Hinge... Stain- 
less Steel Key...Dual Stain- 
less Steel Gate Pins... 
Rugged Cast Iron Bronze 
Mounted Gote. See your 
Rensselaer Representative 
for seasoned advice on all 


our products. 


Atlanta, Bala-Cynwyd, Pa., Chicago, Dallas, Denver, Haverhill, Mass., Hornell, N. Y., Kansas City, 
Los Angeles, Memphis, Oklahoma City, Pittsburgh, San Francisco, Seattie. om 
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O’Brien, J. C., Vice-Pres., Mariani- 
O’Brien, Inc., 301—22nd St., S., St. 
Petersburg, Fla. (Jan. '50) 

Outhier, J. S., Myr., Culligan Soft Water 
Service, 9621 California Ave., South 
Gate, Calif. (Jan. P 

Pang, A. K., Supervisor of Maint., Board of 
Water Supply, Box 3410, Honolulu 1, 
Hawaii (Jan. 

Parmelee, A. S., Sales Engr., Sackner 
Products, Inc., 901 Ottowa, N.W., 
Grand Rapids 2, Mich. (Jan. '50) P 


Prado Pena, Manuel, Public Health Eng., 


Ministerio de Salubridad, Seccion de 
Ingenierio Sanitaria, San Nicolas No. 
764, Havana, Cuba (Jan. '50) PR 


Proske, H. O., Sales Engr., Rockwell Mfg 
Co., 5635 Birch Ave., 
(Jan. 


Ragan, James L., Water Ener., 


Threlfall, James J., Supt. of Plant, Water 
& Light Dept., City Hall, Sturgis, Mich. 
(Jan. M 


Tohlin, Edgar T., Prin. Asst. Engr., 
Bureau of Water, Dept. of Public Works, 
803 City Hall Annex, Philadelphia 7, 
Pa. (Jan. M 

Tongate, Ray E., Sales Eng., Thorpe Well 
Co., 2340—6th Ave., Des Moines, lowa 
(Jan. '50) R 

Unger, Gilbert C., Jr., Valuation Engr., 
Gannett Fleming Corddry & Carpenter, 
Inc., 600 N. 2nd St., Harrisburg, Pa. 
(Jan. M 


| Van Hasselt, J. A. K. Estapa, Public 


Mission, Kan. 
Vosburgh, George R., Ener., 


Celanese 


Corp., Box 148, Bishop, Tex. (Jan. 50) | 


P 

Reid, L. Gordon, Water Comr., 
East Borough, North East, Pa. (Jan 
MPR 

Robinson, Harold L., Engr. & Vice-Pres., 
Pittsburgh Pipe Cleaner Co., 311 N. 
20th St., Philadelphia 3, Pa. (Jan. 'S0) 

Samuel, Ludwig E., Agricultural Attache, 


Embassy of Israel, 2210 Massachusetts 


North 


Health Engr., State Health Dept., 1436 

Dryades St., New Orleans, La. (Jan. 

'50) P 

Dearborn 
Chemical Co., 501 C of C Bldg., Indian- 
apolis, Ind. (Jan. 

Waverly, City of, Glen \V. Yarger, City 
Engr., Waverly, lowa (Munic. Sv. Sub. 
Jan '50) M 


| Weist, Herbert, Water Supt., Omah, Wash. 


(Jan. '50)M 


Wilkerson, Fred Y., see Mojave 
Utility Dist. 


Public 


| Wilson, Albert E., see Kinsley, City of 


Ave., N.W., Washington, D.C. (Jan. | 


Schwindt, L. H., Mer., L. H. Schwindt & 
Co., 37 King William St., Hamilton, 
Ont. (Jan, 

Smith, J. L., see Franklin, Town of 


Blake, Vice-Pres., 89 Logan St., Spring- 
field, Mass. (Assoc. M. Jan ‘50) 

Sterne & Maley Co., Alexander B Maley, 
Pres., 3604 S. Morgan St., Chicago 9, 
Ill. (Assoc. M. Jan. '50) 

Stuart, Herbert W., Director of Quality 
Control, U.S. Pipe & Foundry 
Burlington, N.J. (Jan. '50) M 

Thorpe, John Wesley, Water Supply Con- 
tractor & Vice-Pres., Thorpe Well Co., 
2340—6th Ave., Des Moines, 
(Jan. R 


Wisconsin Power & Light Co., M. H. 
Frank, Vice-Pres., 122 W. Washington 
Ave., Madison 1, Wis. (Corp. M. Jan. 
MPR 


| Wolfe, Thomas F., see Cast Iron Pipe Re- 


search Assn. 


| Yarger, Glen V., see Waverly, City of 
Standard Elec. Time Co., The, Herbert P. | 


Young, Harold C., Dist. Engr., Wallace & 
Tiernan Co., Inc., 1911 MeCall Rd., 
Austin, Tex. (Jan. '50) MP 


Zubkoff, Seymour, Civ. Engr., Elson T. 


Killam, Hydr. & San. Engr., 140 Cedar 
St., New York 6, N.Y. (Jan. '50) 


REINSTATEMENTS 


| Carver, Leon A., City Mer. & City Engr., 


lowa | 


Thorpe, Thomas Cope, \V ater Supply Con- 


tractor & Vice-Pres., 
2340—6th Ave., Des 
(Jan. '50) R 


Moines, 


Chandler, Okla (Oct. '43) M 

Gananoque Water Works Com., WW. G. 
Tryon, Supt., Box 8, Gananoque, Ont. 
(Corp. M. Mar. '27) 


Thorpe Well Co., | Graver Water Conditioning Co., Henry T. 
lowa | 


Sulcer, Gen. Megr., 216 W. 14th St., 
New York 11, N.Y. (Assoc. M. June '30) 


(Continued on page 34) 
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it’s ALWAYS OMEGA 
THE LAST WORD IN FEEDERS 


The OMEGA BELT-TYPE 

GRAVIMETRIC FEEDER keeps 

chemical feeding “right on 

the beam”. For any rate 

within the 100 to 1 range, simply set the 

belt-speed adjustment—the sensitive scale- 

beam mechanism insures the delivery you 

need, accurate to 98% or better. The 

Belt-Type Gravimetric is a complete 

feeder, incorporating automatic clarms 

against over or under feeding, electrical 

controls, cyclometer-type Totalizer, and 

other features for convenience and oper- 

ating efficiency. The dust-tight enameled 

steel case has hinged, glass-panelled 

Bese doors for eosy view of and access to ad- 
ond working pars. For com 
versal Feeders * Precision Solution plete details and descriptive Bulletin, 
Feeders * Disc Feeders * Rotodip address Omega Machine Company 


Solution Feeders * Rotolock Feeders 
Lime Slokers * Laboratory (Division of Builders Iron Foundry), Prov- 


* Dust Collectors * Chemical Elevators idence 1, Rhode Island. 


THE LAST WORD sk 
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Kovochich, Anton, Supt. of Filtration, 
Ford Motor Co., R.R. 1, lron Mountain, 
Mich. (Jan. '46) MP 

Nicklis, James A., Dist. Repr., Wallace & 
Tiernan Co., Inc., 3742 Tremont Rd., 
Columbus 12, Ohio (Apr. '39) 

Sharts, Paul E., Tech. Service Div., 
Wallace & Tiernan Co., Inc., 280 Oak- 
ridge Ave., Summit, N.J. (Jan. '47) 

Sulcer, Henry T., see Graver Water Con- 
ditioning Co. 

Tryon, W. G., see Gananoque Water Works 
Com. 

Wieters, A. H., Asst. Chief, Div. of Water 
Pollution Control, U.S. Public Health 
Service, Washington, D.C. (Nov. '21) 
PR 


LOSSES 


Deaths 


Bromschwig, A. C., Sales Repr., Hersey 
Mfg. Co., 5605—11th Ave., S., Min- 
neapolis 17, Minn. (Apr. '39) 

Elims, Joseph W., Comr. of Sewage Dis- 
posal, Dept. of Public Utilities, 103 City 
Hall, Cleveland 14, Ohio (Oct. '19) 
Trustee '23-'25. P 

Febry, William E., Dist. Supt., Wisconsin 
Power & Light Co., 


Beloit, Wis. (Jan. '41) M 


CANCER 


AMERICAN CANCER SOCIETY 


MEMBERSHIP 


(Continued from page 32) 
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Hurd, Clarence E., Supt., Water Works, 
Punta Gorda, Fla. (July '37) MPR 

Levy, A. G., Engr. of Constr. & Surveys, 
Div. of Water & Heat, Dept of Public 
Utilities, 604 Auditorium Bldg., Cleve- 
land 14, Ohio (May '10) MP 

Taylor, George R., Chemist & Bacteriolo- 
gist, Scranton-Spring Brook Water 
Service Co., 135 Jefferson Ave., Scranton 
3, Pa. (May '08) P 


Resignations 

Coca-Cola Export Corp., The, C. A. 
Shillinglaw, Vice-Pres., Technical Dept., 
515 Madison Ave., New York 22, N.Y. 
(Corp. M. Apr. '45) P 

Corfu, Village of, William Ehmann, Mayor, 
Water Dept., Corfu, N.Y. (Munic. Sv. 
Sub. Oct. '46) M 

Costello, Charles Vincent, 24 Telegraph 
St., Binghamton, N.Y. (Affil. Jan.'41) P 

Lightner, Clint, Supt. of Utilities, Garden 
City, Kan. (Apr. '48) 

Murthy, N. Krishna, 182 Vanivilas Rd., 
Basavanagudi P.O., Bangalore, India 
(Jan. '48) 

Priess, O. L., Sales Dept., Crane O'Fallon 
Co., 1601 Ulster St., Denver 7, Colo. 
(July °37) 

Trout, Clarence L., Cincinnati Gas & 
Elec. Co., 323 Plum St., Cincinnati, 
Ohio (Jan. '39) 

Wood, Thomas, Clerk, Borough of Pomp- 

ton Lakes Water Dept., 9 Center St., 

Pompton Lakes, N.J. (Apr. °43) 


CHANGES IN ADDRESS 


Changes received between February 5 and 
March 5, 1950 


| Alize C., Antonio, 1.N.O.S., Acueducto de 


(Continued on page 36) 


Maracaibo, Aurora 20, Maracaibo, 
Venezuela (Oct. '43) 
Annen, Robert C., 12 Point View Drive, 
East Greenbush, N.Y. (Oct. '49) MP 
Berkowitz, Sidney A., 40 Lee St., Cam- 
bridge 38, Mass. (Jan. '46) P 
Carnahan, R. D., 703-—2nd St., S., 
Charles, Ill. (Jan. 
Carroll, Thomas M., Mer., 
Fairbanks, Mcrs: & Co., 4535 S. Soto 
St., Los Angelis 11, Calif. (July '49) 

Casebier, J. P.. Munic. Water & 
Sewer System, Beaver Dam, Ky. (Oct. 
"48) 


St. 


Pump Dept., 
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This Hersey Disc Meter, 
Model HF, will give 
accurate and efficient 
service at a low main- 
tenance cost and is 
built to withstand all 
climatic conditions. 


HERSEY DISC METER, 
Model HD, is especially 
built for use in non- 
freezing climates and 
is known for its ex- 
treme accuracy and 
low maintenance cost. 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 


BRANCH OFFICES: 


NEW YORK — PORTLAND, 
CHICAGO SAN FRANCISCO 


PHILADELPHIA — ATLANTA — DALLAS 
LOS ANGELES 


a 
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Churchill, M. A., Public Health Engr., | 
Tennessee Valley Authority, 640 New 
Sprankle Bidg., Knoxville, Tenn. (Jan. 
49) 

Clark, Horace L., Cons. Engr., Saco Rd., 
Box 61, Alfred, Me. (Apr. '30) MPR 


Clifton, Harry Patrick, 45 Mount Prospect 
Grove, Clontarf, Dublin, Eire (July | 
*47) 

Colton, John H., Dist. Engr., Board of 
Fire Underwriters of Pacific, 510 S. 
Spring St., Los Angeles 13, Calif. (Jan. | 
49) 

Cordle, Thomas Liewellin, Cons. Engr., 
505 Alexander Ave., Morganton, N.C. 
(Jan. '43) MP 


Daniels, J. Graham, Dist. Sales Mer., | 
Chicago Bridge & Iron Co., 550 W. 17th 
St., Box 687, Salt Lake City 9, Utah 
(Oct, 48) 

Donnelly, Henry J., Supt., Water Board, 
1018—15th St., Bellingham, Wash. | 
(Apr. 

Eggers, John, San Jose Hills Water Co., 
8620 S. Calmosa Ave., Whittier, Calif. 
(Oct. 

Firth, William J., Chemist, Water Dept., 
20 Salem St., S.f., Roanoke, Va. (Jan. 
MP 

Ford, George A., Pres., Fairfax Hydraulics 
Water Co, 1461 Huntington Ave., 
Alexandria, Va. (July '47) 


Fulkerson, Paul G., Chief Chemist, 
Filtration Plant, City Utilities, 1233 
Somerset Lane, Fort Wayne, Ind. (Apr. | 
P 

Gannon, Timothy J., 2028 Meridian Ave., 
South Pasadena, Calif. (July '49) MP 

Graham, Howard E., Asst. Supt., Water 
Service, Illinois Central System, 8801 
S. May St, Chicago 30, Ill. (Oct. °43) 

Greenberg, Arnold E., 591 Williams Ave., 
Brooklyn 7, (jr. M. Jan. °49) 

Hays, Paul J., City Engr., Minot, N.D. 
(Oct. 

Hendrix, D. A., Dist. 
Water Service Co., 
Calif. (Oct. °39) M 

Johnson, W. H., Dist. Supt., Water 
Meter Div., Rockwell Mfg. Co., 7701 
Empire State Bldg., New York 1, N.Y. 
(Jan. 


California | 
Visalia, 


Mer., 
Box 48, 
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Kountz, R. Rupert, Assoc. Prof. of San. 
Eng., Pennsylvania State College, State 
College, Pa. (Apr. '41) P 

Lamoureux, Marcel, Cons. Engr., 270 St. 
Laurence St., W., Longuevil, Que. (July 


| Leonard, O. M., San. Fng. Consultant, 


1000 Washington St., Michigan City, 
Ind. (Oct. '46) MP 

Loop, Alfred B., Comptroller, Water 
Board, 2619 Franklin St., Bellingham, 
Wash. (Jan. '48) M 

Lyon, Walter Alphons, San. Engr., Div. of 
Eng. Resources, U.S. Public Health 
Service, Washington 25, D.C. (Jan. '48) 
P 

Mahapatra, Mrutyunjaya, Engr., Orissa, 
Dr. Satyabadi Misra, 
Asst. Director, Public Health, Sekh 
Bazar, Cuttack, India (Jan. '49) 

Mathisen, Harold M., Secy.-Gen. Mer., 
La Habra Heights Mutual Water Co., 
15703 Whittier Blvd., Whittier, Calif. 
(Jan. '46) 

Maynard, Stuart B., 2796 Kenilworth 
Drive, Ann Arbor, Mich. (July "42) 


c/o 


McCulley, E. B., Supervisor of Utilities, 
Box 578, Cleveland, Tex. (Jan. '46) 


McKay, W. G., Underwood & McLellan, 
c/o Town Hall, Flin Flon, Man. (jan. 
*42) P 

Mebus, George B., Cons. Engr., North- 
western National Bank Bldg., Glenside, 
Pa. (Apr. '48) 

Moore, G. W., State Dept. of Health, Bu- 
reau of Environmental Sanitation, State 
Office Bldg., Albany, N.Y. (Apr. °37) 
P 

Morris, Kenneth L., Megr., South Bay 
Cons. Water Co., Box 89, Bayshore, 
N.Y. (Oct. '45) M 

Mortensen, F. C., Col., SnC, APO 331, c/o 
Postmaster, San Francisco, Calif. (Apr. 
P 


_ Moutrey, Curtis E., Supt. of Filtration, 


Box 6005, Tulsa 6, Okla. (Jan. 47) P 


| Owens, James B., 2313 Homestead Drive, 


Silver Spring, Md. (Oct. '47) 
Pequegnat, R. K., Water Com., City Hall, 
Kitchener, Ont. (Jan. '47) MP 
Ray, Marvin E., City Supervisor, Munici- 
pal Bldg., Pullman, Wash. (Apr. '44) M 


(Continued on page 38) 
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is formed from heavy plate steel, carefully 
welded, then coated uniformly with protective 
tar enamel in accordance with American Water 
Works Association Code — that's why Bethle- 
hem Tar-Enameled Water Pipe has earned the 
aame “corrosion fighter.” 

Bethlehem Tar-Enameled Water Pipe is also 
highly resistant to incrustation and leakage. 
Thus it's capable of providing years of economi- 
cal service. It comes in all diameters from 22 
in. up to the largest permitted by shipping clear- 
ances. It is made in a wide range of thicknesses, 
too, and in lengths suitable for shipping. 

If you'd like to learn more about Bethlehem 
Tar-Enameled Water Pipe, please get in touch 
with us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Stee! Corporation 
Export Distributor: Bethlehem Steel Export Corporation 
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Richards, Robert B., Box 312, Hightstown, 
N.J. lan. '43) MPR 

Richey, L. G., 240 Sedgefield Rd., 
lotte 3, N.C. (Oct. '41) M 

Rigling, Vance F., Div. Mer., 
Water Works Service Co., 928 
Harrisburg, Pa. (Apr. '43) MP 

Satterlee, Don E., Mayor, 2829 Northwest 

ve., Bellingham, Wash. (Jan. '48) 


Schlott, Ralph, Supervisor of Distr., Water 
Works, 1013 Dueber, S.W., Canton 6, 
Ohio (July 

Scholz, Ted, Engr., Water Board, 2517 
Cornwall Ave., Bellingham, Wash. (Apr 

Stansmore, Keith C., The Dorr Co., 
Stamford, Conn. (July '47) 


Stewart, Charles M., 41 Congress St., 
Bradford, Pa. (July '35) MPR 

Sydney Water Works, |. W. Carlin, City 
Engr., City Hall, Sydney, N.S. (Corp. 
M. Jan. MR 


Char- 


American 
tid St., 


Barry 


| Tyler, Ralph L., 309 Front St., 


Trager, Leonard W., Regional Drainage 
Basin Engr., U.S. Public Health Service, 
120 Boylston St., Boston, Mass. (Jan. 
'46) PR 

Riverton, 

N.J. (Jan. M 


Wallis, Robert Clinton, 3604 Cragmont St., 


Dallas 5, Tex. (Jan. '46) M 

Weeks, James L., Mech. Engr. in Charge, 
Operating Div., Bureau of Eng., 811 N. 
Michigan Ave., Chicago, Ill. (Jan. '49) 

Weinberger, Leon W., Dept. of Civ. Eng., 
Case Inst. of Technology, University 
Circle, Cleveland, Ohio (Oct. '47) 

Wild, Harry E., Briley, Wild & Assoc., 
550 N. Oleander Ave., Daytona Beach, 
Fla. (July '46) PR 

Winder, John B., Chief Engr., Water 
Works, 2125 Commerce St., Dallas 1, 
Tex. (Oct. '35) Director '36-'39. MPR 

Wittmer, Earl F., San. Engr., 806 Evening 
St., Worthington, Ohio (Oct. '47) P 

Wolverine Tube Div., S. C. Seekell, Sales- 
man, 412 Murray Bldg., Grand Rapids, 
Mich. (Assoc. M. Oct. "49) 


CARSON CLAMPS 

AND PEARLITIC CAST IRON BOLTS 

Stop Joint Leakage 
Write for information 


CARSON-CADILLAC COMPANY 
1221 Pinson St. Birmingham, Ala. 


PROOF 
“STERELATOR EFFICIENCY” 


Actual Users—-THE BEST PROOF OF ALL— 
Prove our claims that Everson SterElatorS are 
DEPENDABLE - SAFE - EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElatorS METER-MIX-FEED Chlorine 
accurately y all water sterelizing requirements. 
Furnished for manual or automatic operation. 
Everson SterElatorS utilize « high vacuum. 

The indicating FLOW METERS have a 10 to | ratio 


SterplatorS 


CORPORATION 
Street, Chicage 10. 
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It's not numerology—just plain eco- 
nomics. 

Consider how 50-foot lengths of 
Armco Welded Steel Pipe ‘‘shorten’’ 
any water supply or force main, There 
are fewer joints (just 106 to the mile) 
and less assembly work. Labor time is 
cut—job costs drop to the bottom. 

You'll like this too: Armco Pipe is 
light in weight for easy handling. 
Accurately machined pipe ends sim- 
plify and speed field connections. 

But that's not all. Armco Welded 
Steel Pipe is amply strong with a high 
safety factor against internal and 
external pressures. A spun enamel 
lining assures continued high flow 
capacity, prevents tuberculation, stops 
costly cleaning. 

Diameters of Armco Pipe range 
from 6 to 36 inches with wall thick- 
nesses from % 


to \-inch. You can 
match job requirements exactly. Write 
for more information. Armco Drain- 
age & Metal Products, Inc., Welded 
Pipe Sales Division, 4000 Curtis 
Street, Middletown, Ohio. Subsidiary 
of Armco Steel Corporation. 


ARMCO WELDED STEEL PIPE 
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(Continued from page 20) 


Anti-Climax is what we might well be accused of in calling the new 
fluoride removal plant at Britton, S.D., the first in the country (March 
P&R p. 2); and anticlimax again for now disillusioning you. Actually, 
out at Climax, Colo., ever since November 1937 they've been removing 
fluorides from softened filtered water by passage through contact beds of 
porous, granular tricalctum phosphate. Thus, of the 1,200 or more Climac- 
tics, we must beg humble pardon and plead not an over-, but an undersight, 


the plant being located some 11,500 ft. above sea level. 


An opportunity for salesmen to improve their earnings by the sale 
of cathodic protection equipment is offered by an A.W.W.A. Associate 
Member. Duties are confined to raising interest and follow-up of prospects. 
The company will furnish engineering, estimating, installation and service 


cooperation. Apply Box 450, in care managing editor, Journal A.W.W.A. 


Harold F. Werhane, formerly executive vice president, has been 
elected president of Culligan Zeolite Co. He succeeds Emmett J. Culligan, 
founder of the parent manufacturing organization for almost a thousand 


franchised soft water service dealers. 


Frederick Ohrt, manager and chief engineer of the Honolulu Board 
of Water Supply won nomination as delegate to the Hawaii constitutional 
convention in primary elections held February 11. Finishing a strong 
third among a slate of eleven winners, Ohrt’s chances for election in the 
run-off vote are considered good, as tive delegates are to be picked for his 


district. 
Two office managers have been appointed by De Laval Steam Tur- 


bine Co.—-John Horth for the St. Louis office, which will operate as a direct 


factory branch, and H. H. Reynolds for Los Angeles. 


(Continued on page 42) 


Filter Sand and Gravel Standard Methods 
9th Edition - 1946 


WELL WASHED AND CAREFULLY F 
GRADED TO ANY SPECIFICATION. 280 pages Price $4.00 


PROMPT SHIPMENT IN BULK Send your orders to the publication office et 
OR IN BAGS OF 100 LB. EACH A.P.H A. heedquerters, 1790 Brosdway. New 
York i9, 


published jointly by 
Northern Gravel Co. | American Public Health Association 
P. O. Box 307, Muscatine, lowa American Water Works Association 


Inquiries Solicited 
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THIS AMERICAN ME 
HAS GIVEN FINE SERVICE ; 
VER SINCE BEEN 


AMERICAN (Bronze Case) WATER METERS 
NIAGARA (Galv. Iron Case) WATER METERS 


BUFFALO METER 00. 


2914 MAIN STREET, BUFFALO 14, 


ae 
~ 
leat 
25 to 35 years service 
4“ by ‘ 
practically ‘‘standard op- 
erating procedure’ for 
and NIAGARA Water | 
reasons for this long-lived 
performance is their sim- fe 
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(Continued from page 40) 


A classification system for metallurgical information has been devel- 
oped by the American Society for Metals, in cooperation with the Special 
Libraries Assn. Designed to code reports, pamphlets and clippings in 
logical and orderly fashion, the new system provides up to 181,000 different 
index headings when used with an inexpensive, hand-operated punch-card 
system. Beginning with the February issue, abstracts appearing in the 
society's publication, Metals Review, will be divided into 19 main categories, 
with symbols at the end of each abstract to place it more precisely in the 
classification system. Cards for use in coding material are in preparation, 
as is the publication of the system in book form. 


A Water Policy Panel has been created by the Engineers’ Joint 
Council to study the requirements for a sound national water policy, and 
make recommendations to the temporary Water Resources Policy Commis- 
sion recently established by President Truman. Chairman of the panel and 
representative of the civil engineers is Wesley W. Horner. Richard D. 
Hoak represents chemical engineers; E. L. Clark the mining group; C. W. 
Mayott the electrical; and William F,. Uhl the mechanical. 


(Continued on page 44) 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request 


JOSEPH G. POLLARD CO., INC. 


Pipe Line Equipment 


New Hyde Park New York 
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FOR PUMPED WATER SYSTEMS 
Constent Rete Feeder — Meevy Ovty Midget 
Chem-O-feeder. Feeds GPH of 0 te 
85 psi 


POR VARIABLE FLOW SYSTEMS 
Flow Proportione! Feeder — Aviometic ond 
Chem-O feeder Feeds 0-5 GPH 


JOURNAL A.W.W.A. 


This new Heavy Duty Chem-O-Feeder has many added features for precision 
control and easier maintenance. Stroke length is instantly adjustable by turn- 
ing a knob while pump is operating — a magnifying register glass shows exact 

ding in th dths of an inch over a range from 2 to 13 cc per stroke The 


new Model 1-47 has convenient oil fill and handy sight gouge — all moving 
ports operate in on oil bath Plastic “See-thru” reagent head handles any 
chemical used in the water works field. Available in simplex, duplex ond 
triplex models. Bulletin SAN-7 


With % Proportioneers%e Equipment you con always maintain precision control 

in water purification and sewage treatment Ask us for recommendations and 

quotations. Our experience from over 27,000 installations is at your service. 
Write for Bulletins. 


Zo PROPORTIONEERS, INC. 7% 


Providence 1, R.1 
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(Continued from page 42) 


Another outbreak of ten-ton thievery is in the offing. With the 
report of the theft, last December, of a Bucyrus-Erie 21-W water well drill 
from one A. R. Touvell of Aurora, IIl., the Water Well Journal recalled 
that only recently someone carried off a 100-ft. steel bridge in Alabama and 
nine miles of railroad track in Ohio. And it was only a couple years ago 
that we were reporting the pilfering of several pipelines—right out of the 
ground. The fact that these loots seem only petty larceny in comparison 
with theft, in the early Thirties, of three rather large apartment houses in 
Chicago does not make Mr. Touvell one bit happier. Of course, whoever 
stole his rig abandoned the truck on which it was mounted, and he has that 
as a consolation prize. 

All of which makes us wonder when one of the hundreds of people who 
have bought the Brooklyn Bridge is quietly going to collect it. Anyway the 
serial number of Touvell’s drill is 17758, so if you notice a 50-ft. shaft in 
your backyard some morning, be good enough to check it and let us know. 


Herschell A. Lovelady has been appointed manager of sales for 
Standard Pipeprotection, Inc., with headquarters at 1411 S. Winston, Tulsa, 
Okla. 


(Continued on page 46) 


3 Money, Time and Labor 
Saving Features of 


UNIVERSAL’ 


CAST IRON PIPE 


ih 


c 
Tale. CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK 16, N. Y. 


Gentlemen: Send us information and catalog 
on UNIVERSAL CAST IRON PIPE. 


STREET 


i) THE ATLAS MINERAL PRODUCTS COMPANY 


44 
| 
4 WRENCHES 
LAD 
to join NO CAULKING MATERIALS 
A 
bell and spigot pipe | | no No y’ 
Tegui Minerale sd is 
clean to work 
cal, needs *REG. U.S. PAT. OFF. . 
ber ring packing. or industrial, irri- 
mended for use wi gation. Flexible. “ 
at 17 Walnut Street. 
letia No. M10-1 and M105. 
*Trede Merk Registered 


Apr. 1950 JOURNAL A.W.W.A, 


@ If you have a color problem, why not 
investigate Ozone? Color can be removed 
simply and effectively without coagulation or 
filtration. Or, Ozone treatment can be 
combined with coagulation and filtration. 


Taste, odor and bacteria are readily 
removed, too. For your water treatment 
problems, call on the years of experience of 
The Welsbach Corporation, designers and 
builders of the world’s largest Ozone 
installation for the treatment of municipal 
water at the Philadelphia Belmont filtration 
plant . . . capable of treating up to 
70,000,000 gallons a day. For further 
information write today for the booklet, 
“Philadelphia Finds the Answer.” No 


obligation, of course. 


WELSBACH 


OZONE PROCESSES DIVISION 
1500 Walnut St. Philadelphia 2, Po. 


3 

4s | 

fe. 

> : ra 

| 


PERCOLATION AND RUNOFF l’ol. 42,No.4 


(Continued from page 44) 


Howard S. Morse, executive vice-president of Indianapolis Water 
Co., has retired after nearly 25 years of management of the utility. He 
had been appointed manager in 1925, vice-president and general manager 
in 1938, and executive vice-president on March 4, 1949. The post of vice- 
president and general manager is currently being filled by Alfred O. Norris, 
formerly manager of the Birmingham, Ala., Water Works (see April 1949 
P&R, p. 16). During his administration, Morse saw great increases in 
population served, metered services and consumption, and provided in- 
creased facilities to meet them. Twice a national director of A.W.W.A., 
he has also served on the Indiana Flood Control and Water Resources Com- 
mittee and the Indianapolis Postwar Planning Committee. 


Roy W. Morse has succeeded his father, the late W. C. Morse, as 
superintendent of the Seattle Water Dept. A graduate in civil engineering 
from the Univ. of Washington in 1928, he has had experience with the de- 
sign of hydraulic equipment and, in consulting association with his father 
from 1933 to 1939, with the design and appraisal of water systems. For the 
past 10 years he was administrative and project engineer for Boeing Air- 
plane Co. 

(Continued on page 48) 


LIMITORQUE "PORTA BLE’ VALVE OPERATOR 


New. . . the wel: known, widely 
used “LimiTorque” Motorized 
Valve Operator, in Portable form 
. . . for ase wherever a hand- 
drawn truck CAN BE WHEEL- 
ED TO Valve or Sluice Gate 
location. May be quickly con- 
nected to power outlet .. . and 
automatic dectric opening and 
closing 18 readily secured. 


Portable LimiTorque” is equip- 
ped with famous torquedimiting 
feature (operates in Opening and 
Closing directions); Limit nwitch 
may be set for any travel (auto- 
matic resetting); Universal Joint 
connection for compensation of 
misalignment between floorstand 
and power unit. 


This unique electrical valve 
operation is another firat for 
Philadelphia. It embodies the 
salient and proven features that 
have made “LimiTorque” Valve 
Operators the most widely used 
in the world. 


PHILADELPHIA GEAR WORKS, INC. 
ERIB AVB. AND G STREET PHILADELPHIA 34, PA. and please use your 

Menufecturers of Industrie! Gears, Seeed Reducers, LimiTorque Valve Controls Business Lotterbead 
NEW YORK HOUSTON PITTSBURGH cHicaco requesting same. 


46 


Apr. 1950 JOURNAL A.W.W.A. 


HIGH CARRYING CAPACITY 
means low pumping costs. 
Centriline, by assuring 
perpetually sustained high 
carrying capacity, keeps 
the pumping expenditure 
a low item on the commu- 
nity budget. 

Protective cement mor- 
tar linings, as applied by 
Centriline, are continuous, 
dense, smooth, and with- 
out variation in quality. 
This ever-smooth surface 
permanently resists corro- 
sion and tuberculation so 
that pumping expense and 
depreciation costs go 
down; coefficient of flow 
and useful life increases! 

Whether old mains are 
losing efficiency or new 
projects are planned it is 
wise to consider Centrilin- 
ing for the sake of the mu- 
nicipal budget. Our com- 
petent stall of hydraulic CENTRILINE CORPORATION 

A subsidiary of Raymond Concrete Pile Co. 


142 CEDAR STREET + NEW YORK 6, N.Y. 


you at any time. Branch Offices in all Principal Cities in the United States 
and Latin Ameria 


CEMENT MORTAR LININGS FOR WATER MAINS 
Strict Conformity 


engineers is ready to assist 


with A. 


47 
¥ 
>> PP WRITE TODAY 
\ CENTRILINE CATALOG 
: 
| 
2 
} 


48 PERCOLATION AND RUNOFF Vol. 42,No.4 


(Continued from page 46) 

The recent freeze-up of a 1,200-ft. bridge-crossing section of a 10-in. 
pipe, cutting off the water supply of Eastport, Me., makes all the more re- 
markable the story of Flin Flon, Manitoba, where service is maintained 
through aboveground mains despite 40-below weather. Flin Flon’s flow 
secret, which waterless Eastporters may well want to learn, is the injection 
of steam into its lines, the encasement of the pipe in wooden boxes filled with 
wood shavings and the use of return lines on its services to guarantee con- 
stant flow. Of course, that’s rather strong medicine for a sporadic malady, 
and the news that even Flin Flonners are planning now to bury their pipe 
lessens the lesson, so we'll leave Supt. Staples to his own thawts. 

Meanwhile, however, the fact that it was cold in the East ought to be 
apparent from an Associated Press dispatch out of Buffalo, N.Y., where 
workers in a coal yard built a fire under a gondola to thaw a frozen ship- 
ment of that then strike-bound commodity so they could unload it. The 
fire, of course, ignited the coal. Water then entered the picture to put out 
the fire—and refroze the coal. But this is where we came in. 


Syntron Co. has moved its New York sales and engineering office 
from the old Long Island City location to 1860 Broadway, New York 23. 
The phone number for the new Manhattan office is |Udson 6—1507. 


With the completion of operational tests, Carter Products Corp. has 
placed on the market a new, semi-rigid extruded plastic pipe, designated 
Carlon “T.” Guaranteed against rot, rust, electrolysis or galvanic coup- 
ling, the pipe is light and easily handled. In addition, the elasticity of the 
pipe wall will permit water within it to freeze completely without bursting 
or damaging the pipe. Pipe sections are connected by plastic sleeves which 
are first treated with a special cement and then slipped over the ends to be 
joined, Threaded plastic sleeves permit coupling of plastic services to 
metal pipe equipped with standard fittings. Size ranges from § to 2 in. 
come in random 20-ft. lengths. 


(Continued on page 50) 


lf you want... N° two corrosion problems are exactly 

thodie PROTECTION alike —that’s one reason stereotyped 

not just... solutions won’t work. Cathodic protection, 

Cathodic Protection Equipment properly engineered and applied,is eco- 

RUST-PROOFING nomical, effective and practical. E.R.P. 

offers preliminary engineering, design, 

equipment and installation services for an individual solution to each particular 

problem. For data on cathodic protection of structures from pipe lines to ele- 
vated tanks, call on E.R.P. without obligation. 


ELECTRO RUST-PROOFING CORP.,(N. J.) E-10 
BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 
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Chlorination can be simple, and Builders 
Chlorinizers will prove it to you. Here, at 
last, are chlorine gas feeders that give the 
same good service winter or summer, that 
require minimum attention and mainte- 
nance, and that simplify plant operation 
instead of complicating it. It’s easy to get 
accurate chlorination with Builders Chlor- 
inizers — your regular plant personnel is 
fully capable of operating these reliable 
feeders. 


Simplicity means safety, too. The power- 
ful, spring-loaded chlorine control valve 
delivers the exact amount of chlorine re- 
quired — yet is ready to stop the flow in- 
stantly, if any condition occurs to interfere 
with safe operation. It will pay you to learn 
more about these and the many other 
advantages of Builders Chlorinizers: for 
manual, semi-automatic, program, or flow- 
proportional chlorination. For Bulletins 
and engineering information, address 
Builders - Providence, Inc. (Division of 
Builders Iron Foundry), Providence 1, R. I. 


JOURNAL A.W.W.A. 


The chlorine gas feeders 
with extra features 


The Venturi Meter * Propeloflo ond 
Orifice Meters * Kennison Nozzles 
Venturi Filter Controllers and Gouges 
Conveyoflo Meters * Type M and Flo- 
Wotch Instruments * Wheeler Filter 
Bottoms * Master Controllers ¢ Chior- 
inizers — Chlorine Gas Feeders * Filter 
Operating Tobles * Moanometers 
Chronoflo Telemeters 


BUILDERS(“ PROVIDENCE 
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(Continued from page 48) 


Engineers are gentlemen! At any rate, engineers prefer blondes. 
That is to say, production engineers of the Friez Instruments division of 
the Bendix Aviation Corp. prefer blondes. Anyway, the 216 in. of fine hu- 
man hair that goes into the “Hygrodial,” a new hygrometer-thermometer 
put out by Friez, is blond, because blond has been found the most sensitive 
to changes in the atmospheric moisture content. And any engineer who 
hasn't noticed that blondes have their hair up in curlers more often than 
other women really is a gentleman. 


An “inside-out” flashlight cell has been developed by National Carbon 
Div. of Union Carbide & Carbon Corp. Making the container of carbon— 
heretofore the core—instead of zinc, and putting a zinc power vane in the 
middle, makes these Eveready “batteries” leak- and corrosion-proof, with 
consequent elimination of danger to equipment they power. The new 
industrial cell—No. 1050—is also said to provide more than twice the 
usable light of previous cells. The makers emphasize that size standardi- 
zation makes it interchangeable with all D-size cells (standard flashlight ), 
hut of course one must keep the reversed polarity in mind. 


CYANAMID sulfate of alumina 


aSSUTeS Removal of Suspended Impurities 
MAXIMUM Freedom from Caking 


pH Range of Floe Formation 


lus much wider than other coagulants 
Corrosion of Ex uipment 
PAINIMUM 
' —much less than other coagulants 


... and NO clogging of dry feed machines 
Write for full information 


AMERICAN Cyanamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
Sales Offices in Principal Cities 
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What About the 
Reputation of the Builder 


A good reputation is more pre- 
cious than great skill and fine 
quality. Strangely enough, a good 
reputation cannot be bought, nor 
is it ever offered for sale. It can 
only serve as a bond of human 
confidence so vital in modern 
business transactions. For sev- 
enty years Layne has been build- 
ing a good reputation. The task 
isn't complete yet, nor will it ever 
be. But the job is far enough ad- 
vanced to be bringing in many 
fine orders for Layne equipment 
and services. As a basic policy, 
it has aided Layne to become a 
great world-wide organization. 


When you buy a Layne Well 
Water System or a Layne Verti- 
cal Turbine Pump, you are get- 
ting the assurance that if Layne 
equipment does not make good 
-—the Layne Organization will! 


DOING THE JOB COMPLETE! 


Layne’s planning supplements that of your own engi- 
neers, but Layne’s work is complete from the test well 
to the finished, and in operation units—proven in pro- 
duction volume and fully adjusted for the task to be 
performed. Such a service is widely welcomed by the 
Nation's greatest—and sometimes smallest cities and 
industrial plants. It is an over-all service that saves 
time and gives universal satisfaction. For further in- 
formation, literature, etc., address 


LAYNE & BOWLER, INC. 


WELLWATER SYSTEMS 
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52 CONDENSATION 


Vol. 42, No.4 


" Key: In the reference to the publication in which 
Condensation the abstracted article appears, 39:473 (May ‘'47) 
indicates volume 39, page 473, issue dated May 1947. 

If the publication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 
5, page 1, issued dated May 1947. Abbreviations following an abstract indicate that it 
was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain); C. A.—-Chemical Abstracts; I. M.—Institute of Metals (Great 
Britain); P.H.E.A.—Public Health Engineering Abstracts; W.P.R.—Water Pollution 


Research (Great Britain). 


BRITISH SUPPLIES 


South Wales Water Supplies—Car- 
diff, Newport and Taf Fechan 
Works. Anon. Wtr. & Wtr. Eng. 
(Gt. Br.), $§2:324 (July '49). Taf 
Fawr works from which Cardiff de 
rives supply comprises Cantref Res 
(323 mil.gal. (Imp.)), Beacons Res. 
(345 milgal.) and Liwynon’ Res 
(1211 mil.gal.). At first water from 
Tat Fawr discharged to storage reser 
voirs near Cardiff and there filtered. 
Later decided to install filters at Can- 
tref, where water now passes through 
screening chamber and turbine genera 
tor to conditioner, at which point it 
receives dose of sodium aluminate 
Flocculation and clarification — take 
place in 2 spiral clarifiers and water 
then flows to 12 rapid gravity filters 
lalybont reservoir, tor Newport, has 
catchment area of 6,000 acres and avg 
rainfall of 684”. Filter plant has 18 
rapid filters, each 8’ in. diam. and 27.5’ 
long. Water ted trom Talybont to 
lower-level area of Newport, 35 mi 
away, through 25-in. cast-iron pipe. 
High-level zone supplied from 2 other 
impounding reservoirs Taf Fechan 
Reservoir third largest in Wales, with 
capac. of 3400 mil.gal Distinctive 
feature is shaft spillway, 16’ in diam., 
which terminates nearly 100’ below top 
water level in 13”-diam. outlet tunnel. 
Water treatment plant comprises 
screens, automatic dosing gear for sul 
fate of alumina and lime, 12 Paterson 
gravity filters, and chloramination 
plant, with rated output of 7.5 mgd. 
(Imp.).—H. EF. Babbitt. 


Ashford Common Works. Progress 
on London’s Gigantic Filter Station. 
Anon. Wtr. & Wtr. Eng. (Gt. Br.), 
52:381 (Aug. °49) Works estd. to 
cost nearly £4,500,000 designed to filter 
90 mgd. (Imp.) and in addn. to pump 
200 mgd. (Imp.) from Queen Mary 
storage reservoir. Site occupies about 
125 acres between Queen Mary Res. 
and aqueduct which brings water from 
storage reservoir at Staines to filtra- 
tion plant at Kempton Park works. 
Water will gravitate or be pumped to 
microscreens or primary filters. Each 
screen will be 10’ in diam. and 10’ long, 
with gunmetal frames covered with 
fine stainless-steel woven fabric giving 
46.000 holes per sq.in. Screens will 
be motor-driven with linear speeds 20, 
35 and 50 ipm. From microscreens or 
primary filters, water flows to 32 slow 
sand filters, each 300 * 112’, designed 
to operate at max. rate of 4 gal. 
(Imp.) per sq.ft. per hr. Filtering 
medium will be sand, graded to high 
uniformity coefficient, 2°3” thick, sup- 
ported on 3” of fine gravel. Flow of 
water to each batch of 16 filters will 
be controlled automatically by 54” 
needle valve in pipeline on upstream 
side of aeration basins. Water carried 
from filters by two 66”-diam. mains 
to chlorinating points and thence to 
contact-and-balancing tanks. Super- 
chlorination will be used, in excess of 
breakpoint. Dirty sand will be re- 
moved from filters by hand and trans- 
ported to plants where it will be 
washed and stored. Gravel subsoil 
under filters and contact beds has been 
stabilized by being first loosened, then 


(Continued on page 54) 
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CARBALL UNIT. 


SPECIFICALLY DESIGNED FOR THE CLEAN, 
EFFICIENT CARBONIZATION OF LIQUIDS 


93% ABSORPTION—88E% TOTAL CHEMICAL EFFICIENCY 


@ A COs producer that COMPLETELY burns GAS or OIL. 


@ Produces the highest percentage of COs gas with no CO or condensible 
carbon. 


@ Completely eliminates oil scum... no taste imparted to potable waters. 
@ No scrubbers or filters required. 


@ Compressor handles clean, cold air only. The fuel is burned under suffi- 
cient pressure to cause deep diffusion directly from the producer. 


@ Diffuses COe gas by efficient impingement diffuser, insuring 93% ab- 
sorption and eliminating diffuser corrosion. 


@A factory-tested, package unit with air compressor, fuel pumps and 
appurtenances mounted on one frame. 


@ 50% more chemical efficiency than any other method in current practice. 
To Reduce Costs and Modernize Your Plant: 


WRITE FOR BULLETIN 757 


WALKER PROCESS EQUIPMENT INC. 


FACTORY « ENGINEERING OFFICES LABORATORIES 
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mixed with Portland cement at rate of 
50 Ib. per sq.yd. Water then added to 
optimum compaction amt. Plant to be 
powered by electricity furnished by 
Southern Electric Board, with power 
standby from gas turbines and diesel 
alternators for peak-lopping. Water 
works history will be made with instal- 
lation of combustion-turbo-alternators 
for standby power supply to water 
works pumping station. Working of 
station will be controlled by operator 
from control room.-H. FE. Babbitt. 


The Treatment of Doubtful Waters 
for Public Supplies. Noxman J. Pucu. 
Wer. & Wer. Eng. (Gt. Br.), 52:73 
(Feb. '49). Beneficial results of free 
residual chlorination have been estab- 
lished (at Ryton Water Works) but 
difhculty of obtaining free chlorine 
with high ammonia content in raw 
water prevented advantages of free 
available chlorine being obtained 
continuously. Small-scale expt. had 
given evidence that by passing raw 
water through bact. filter, reduction 
in free and saline ammonia content 
by oxidation could be expected. Gen- 
erally, filter has not only fulfilled 
original purpose but has shown added 
advantages. Bed has proven to be 
self-sloughing. In oxidation of am 
monia, filter has been effective over 
full range of its operation. Results 
through filter show substantial overall 
improvement in reduction of nitrite 
content. General tendency has been 
to stabilize pH value of water for 
further treatment. Taste-producing 
phenols have been elimd. by biologic 
action. Application of small doses of 
phenol to raw water passing through 
filter did not impair normal processes 
of nitrification. Small conens. of 
phenol at first applied at once removed 
by biologic action. Concns. up to 1 
ppm. readily removed and considerable 
reductions evident when concn, ol 
phenol exceeded this figure. Un- 


likely that such relatively high concns. 
as 1 ppm. would ever be present in raw 
water. Conens. of phenol and related 
monohydric phenols effectively re- 
moved by passage through biol. filter. 
Comparative coagulation tests of raw 
and pretreated water indicate that 
flocculation easier after pretreatment. 
Prechlorinated and settled water al- 
most invariably of such appearance as 
to permit its being passed into supply 
without further treatment. Claimed 
that potable water is provided after 
first stage of normal water works treat- 
ment. Factors which had influenced 
treatment procedure prior to 45 were 
immobilization of euglena and desire 
to obtain long period of contact with 
ammonia for destruction of dangerous 
bacteria. Application of chlorine near 
intake appeared to improve conditions 
in sedimentation tanks. Conclusion: 
[1] biol. pretreatment of waters from 
doubtful sources appears to offer great 
advantages; [2] sedimentation stage 
in modern water works practice may 
be expected to assume greater im- 
portance, possibly at expense of filtra- 
tion; [3] destruction of harmful bac- 
teria should be featured at as early 
stage as possible in sequence of treat- 
ment; [4] chlorine effective and reli- 
able means of destroying harmful 
bacteria, but to be fully effective it 
should be used in free available state; 
[5] only by reference to long-period 
records of characteristics of raw water 
can necessary treatment works be de- 
signed to combine safety and economy ; 
[6] as prelim. to major water treat- 
ment scheme, it is desirable to operate 
pilot plant; and [7] inevitable admis- 
sion of more doubtful raw waters as 
potential sources for public water 
supplies demands broader approach 
to water treatment research problems 
than has been necessary when con- 
sidering safeguarding more consistent 
and reliable sources which have been 
treated in past.—H. E. Babbitt. 
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Bury 
and 
Forget it! 


If you will think before buying 
a valve—you can eliminate think- 
ing of it forever after. When you 
think of valves—think of the 
years of time and effort we have 
put into giving you a smooth- 
operating, trouble-free valve. 
Think of the progressive water 
works men who have relied on 
Eddy Valves for years—then spe- 
cify and insist on getting Eddy 
Valves—you can bury them and 
forget them. 


COMPANY 


WATERFORD NEW YORK 


$5 

GATE VALVES 4 
VALVE 
A subsidiary of James B. Clow & Sons : 
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CANADIAN SUPPLIES 


Build New 15-mil.gal. Water Treat- 
ment Plant at Edmonton [Alta.]. 
W. J. McFartanp. Eng. Cont. Rec 
(Can.) 62:4:98 (Apr. *49). North 
Saskatchewan R. water clarified and 
softened by treatment with CaQO, 
Na.CO, and alum in plant providing 
2-stage flocculation, clarification and 
recarbonation, and filtration. Sludge 
returned to influent from first clarifier. 
River water very turbid during high 
water periods, hardness up to 350 ppm. 
Final hardness 75 ppm. CO, for re 
carbonation by burning natural gas. 


R. Thompson. 


New Feeder Mains, New Garage, 
FM Radio Among Winnipeg [ Man.] 
Water Works Improvements. \\. 
L. Warprop. Eng. Cont. Rec. ( Can.) 
62:4:86 (Apr. °49). Developments 
include Kardex system for 50,000 serv 
ices and 2-way radio communication 
with 18 mobile units and 1 fixed sta 
tion Mains total 333 mi—k. 
Thompson. 


Halifax [N.S.] Builds New Auto- 
matic Chlorinating Station. AwNon. 
Eng. Cont. Rec. (Can.) 62:4: 92 
(Apr. ‘49) Bldg., 66 * 22’, divided 
into operators’ office, machine and scale 
large air 
Equip. in 


rooms, between which are 


tight plate glass windows 


cludes 5 chlorinators, overhead cranes 
for handling 150-lb. cylinders, Cl re- 
corders and ventilation system. Cost 


approx. $250,000—R. FE. Thompson. 


Reconditioning of Water Works 
Standpipe at Ingersoll, Ont. RK. D. 
McCoittum. Wtr. & Sew. (Can.) 86: 
3:21 (Mar. '48). Standpipe used as 
combined aerator and storage tank for 
sulfurous 
roded Tank repaired, tubercles, rust 
and scale removed by flame priming 
and power brushing and protective 
coating applied while metal 
Flame priming effected with torch giv- 
ing series of closely high- 
velocity, oxyacetylene flames of ex- 
tremely high temp. (6300°F.).  No- 
Ox-Id protective coatings used inside 
and outside.—R. Thompson. 


strongly water badly cor- 


warm. 


spaced, 


Urgent Need for Complete Treat- 
ment by Grand River [Ont.] Mu- 
nicipalities. A. E. Berry. Wtr. & 
(Can. ) 87 :9:36 (Sept. 49). All 
sewered municipalities on Grand R. 
and tributaries except 2 have sewage 
treatment plants, but only 2 provide 
other than primary treatment. Con- 
servation scheme, which included 
constr. of Shand Dam, has made water 
available to offset low summer flows 
but increased pop. and water consump- 
tion and expanded industrial activity 
have affected stream adversely. High 


Sew 
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Filet 


AGITATORS 


Prevent Sand Beds From Cracking 
Eliminate Mud Balls 

Save Wash Water 

Lengthen Filter Runs 


Higher Rates of Filtration 


STUART CORPORATION, 516 N. Charies Street, Baltimore 1, Md. 
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JUST POUR 


THAT'S ALL 


Hydro-tite, the celf-caulking, self- 
sealing, pipe-jointing compound, 
solidifies and hardens immediately 


without shrinkage. No caulking is 
necessary. Any slight seepage that 
may appear at first soon stops. 


For over thirty years Hydro-tite has 
proved its ability to stand up under 
all conditions of strain, vibration and 
pressure. Send for data book and 
sample. 


ALWAYS USE FIBREX 


The sanitary, bacteria-free packing 
that costs about 30% less than braid- 
ed jute. Send for sample. 
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temp. and low rainfall of past summer 
also unfavorable. Coliform concns. as 
high as 10,000,000 M.PLN. per 100 ml., 
© contents as low as 1.5 ml. per |. and 
B.O.D. values up to 16 ppm. found 
Sewage treatment and diln. provided 
not sufficient to maint. stream in good 
condition, Plant effluents contained 
up to 1 bil. coliforms per 100 ml., 1664 
ppm. suspended solids and 760 ppm. 
B.O.D. Complete treatment, including 
chlorination, of all sewage and wastes 
discharged and full utilization of diln. 
provided by present and future storage 
dams only remedy for situation.—R. EF. 
Thompson. 


Expansion Carried Out by Sudbury 
{Ont.] Water Works System. Rk. I!. 
MATINDALE. Eng. Cont. Rec. (Can.) 
62:4:78 (Apr. '49). Supply derived 
irom Ramsay Lake through 2 intakes, 
18” and 30” in diam., extending 1000’ 
into 65’ depth. Temp. 34-56°F. Du- 
plicate chlorinators for disinfection. 
Consumption by 45,166 pop. 2.71 mgd., 
equiv. to 60 gpd./cap. In ’48 gross 
revenue $173,418.73 and expenditures 
$167,950.69, excluding capital improve- 
ments. Latter included pumping sta- 
tion contg. 3 motor-driven turbine 
pumps (total capac. 6600 gpm.) and 
2 gasoline engine-driven units (2800 
gpd. each), 0.5-mil.gal. elevated radial 
cone tank supported on tubular col- 
umns (cost $83,000) and main exten- 
sions.—-R. Thompson. 


Welded Steel Water Main Laid in 
Toronto to Increase Pressure in 
Northern Section. Kk. J. ANDERSON. 
Eng. Cont. Rec. (Can.) 62:10:71 
(Oct. 49). New main to high-level 
part of city consists of 12,100’ of 45” 
(id.) steel pipe, lined with 14” cement- 
mortar on wire mesh welded to pipe 
and encased tm situ with 4” concrete. 
Cost about $1,400,000. Pipe fabricated 
in 30 lengths from 4 plates 4-4” 
thick by “Unionme!t” machine-welding 


process, which is described. Indicated 
strength in weld area 60,000 psi.; hy- 
drostatic pressures up to 230 psi. with- 
stood. Similar 48” main, laid in "38 
and opened twice for addns., found in 
as good condition as when installed. 
Estd. life may reach 200 yr—RK. k. 
Thompson. 


HEALTH AND HYGIENE 


Poliomyelitis and Standard Method; 
of Water Treatment. Jan Jusi. 
Gaz, Woda i Tech Sanit. (Poland) 
23:44 (Feb. Review of epidemi- 
ology of polio virus presented along 
with various possible modes of trans 
mission including water. Virus more 
resistant to physical and chem. agents 
than other organisms of intestinal tract. 
Since studies have indicated that virus 
may be found in both natural waters 
and sewage, essential to evaluate pres- 
ent methods of water treatment and 
sewage disposal and their effect upon 
tate of virus, and whether present cri 
teria of approving waters adequate. 
Unlike other enteric diseases, polio epi- 
demics associated with countries having 
high std. of living. Two possible as- 
sumptions suggested: [1] that sanitary 
facilities, water, etc.. have nothing in 
common with spread of polio; and [2] 
that available methods of preventing 
epidemics of communicable diseases of 
intestinal tract through rational protec- 
tion and constr. of sanitary facilities 
insufficient to control polio. American 
authors cited as stating that usual 
methods of water treatment do not in- 
activate virus of polio, although other 
authors indicate that 0.05 ppm. “free” 
chlorine after 10-min. contact will in- 
activate organisms, provided pH in 
range of 6.85-7.4. At pH 8.95-9.24 
organisms will not be inactivated after 
l-hr. contact with 0.05 ppm. of free 
chlorine or 0.45 ppm. of chloramine. 
Until addnl. studies made, impossible 
to state amt. of free chlorine or chlo- 
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Another Water System INSTALLS DE LAVAL PUMPS* 


Pumps Deliver Water 


Pumps at the Junction Station Note Ble 


provision on bed plates for addition 
of second pump in series to increase The cities of Saginaw and Mid- 
head from 150’ to 300’. land, Michigan, receive water 
from a point 80 miles away in 
Lake Huron, the closest source 
of potable water in adequate 
quantity, 
Two pumping stations, the 
Whitestone Point Station and 
the Junc.‘on Station, serve this 
entire supply line. The White- 
stone Station is equipped with 
four De Laval pumping units 
having a combined capacity of 
70 mgd against 300’ head. Each 
of these units consists of two 
. pumps in series. 
Pumps in series at the Whitestone The Junction Station is like- 
anits have wise equipped with four De 
city of 10 mgd—all against 300’ head. Laval pumping units having a 
combined capacity of 70 mgd. 
At present, each of these units 
consists of a single pump opera- 
“78% of all American cities of —_ ting against 150’ head, provision 
over 100,000 population use having been made for the addi- 
De Laval water works pumps. tion of pumps in series in order 
to double the total delivered 
head, if necessary. 


Send for Catalog 10-9-JA 
DE LAVAL DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES - HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS . WORM GEAR SPEED REDUCERS . IMO OIL PUMPS 
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ramine required to guarantee inactiva- sistance. This fact utilized in test in 
tion of polio virus.—Conrad P. Straub. which such typical organism as Aer. 
aerogenes added in large numbers to 
Infected Cooling Water and Its Ef- cooling water and by estimation of ex- 
fect on Spoilage in Canned Foods. tent of its introduction into cooled 
T. E. Basnrorp. Proc. Soc. Applied cans, efficiency of seam constr. as- 
Bact. (Gt. Br.), 1:46 ('47). Author  sessed.—B. H. 
refers to earlier work which shows in- 
fluence of contamd. cooling water upon WATERSHED CONTROL 
incidence of spoilage in cans. Very 
often only highly contamd. water The Silt Problem at Spring Lake 
available for cooling and obvious rem {Macomb, Ill.]. Report of Investi- 
edy chlorination of such waters. Au- gation No. 4. J. B. Sra, L. C. 
thor submits table made during one GotrscHaLk, A. A. Kuincestet, E. L. 
year in regard to water as received at Saver & E. E. Deturk. State Water 
one cannery and same water after Survey Div., Urbana, Ill. (1949). 
chlorine treatment. Many different Spring Lake, munic. water supply 
packs used and over 40,000 cans cooled. reservoir at Macomb, IIL, built in ’27 
Bacteria introduced from infected at cost of about $138,000. Lake has 
water through minute leaks show drainage area of 20.2 sq.mi.; original 
wide range, but almost invariably in- surface area 84.3 acres and original 
clude nonsporing types of low heat re- vol. 607 acre-ft. °47 sedimentation 
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Results Count 


64) * MORE ECONOMICAL «+ EASIER TO HANDLE 
* SUPERIOR RESULTS 


The use of Ferri-Floc in water supplies has several 
advantages over other coagulants now in use. 
Economy of operation is a great factor in the 
minds of prospective users, but, once used Ferri- 
Floc immediately shows its ability to produce a 
higher quolity of water at a lower cost. 


ADVANTAGES OF FERRI-FLOC 


Coagulotion is effective over a much wider pH range than with alum. Color 
flocs may be formed in the very acid range, where alum may not be employed 
On the other hand, trve hydrated ferric onde flocs may be formed ot pH 9-10 
or even higher for the removal of turbidity and mangonese 
The time required for floc formation, conditioning, and settling is im many coses 
consderably shorter than that required for other coagulonts 
FREE BOOKLET Filter runs hove been markedly increased in several cases 
Mongonese is successfully removed of pH volves above 9 

Send cord or letter Effivents may be produced which ore exceedingly low in both won and 
for tree booklet on the advantages olvminum 
of Ferri-Floc to Tennessee Corpore- Hydrogen suifide is removed, and tas'e ond odor improved 
ton, Grant Building, Atienta, Geor- Ferric floc does not seem to stick to sand grains to form mud bolls, ond is 
gie or Lockland, Ohio. subject to less “breaking through” on the filters 


TENNESSEE CORPORATION 


Atlanta. Georuia Lockland, Ohio 
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SPARLING MAIN-LINE METERS 


for 


EFFICIENCY 


in 
Operation 


Accurate records of main- 
line flows are vital to efh- 
cient operation. The Sparling 
Indicator-Totalizer-Recorder 
shown here, operated by elec- 
tric remote control from a 
Sparling Compound Meter, is 
accurate within 2 per cent on 
flows from 3°, to 100°] of 
pipe capacity! Head loss is 


practically negligible. 


For range of styles and sizes of water meters, instruments 
and controls, see Bulletin 310-—sent at your request! 


‘SPAR G Measuniné Equipment 


LOS ANGELES $4..... Box 3277 

CHICAGO 8 1500 South Western Ave. 

SEATTLE 1 1932 First Avenue 
NEW YORK 17 


* 
be 
Bu 
626 Broadway.............CINCINNATI 2 
6 Beacon Street................ BOSTON 8 
a 726 Reserve Loan Life Bidg....... DALLAS 1 
101 Park Avenue 
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survey shows capac. loss of 2.32% per 
year. In 204 yr. reservoir has been 
in existence it has lost 47.3% of origi- 
nal capac. At this rate, lake would be 
practically full of silt in another 20-25 
vr. Most serious drawdown experi- 
enced in 20.4 yr. removed vol. of water 
from lake equal to approx. #4 of lake’s 
original capac. or 4 of present capac 
Anal. shows that since storage capac 
decreasing and water demand in Ma- 
comb increasing, reservoir will be in 
adequate by ‘53 to furnish full needs 
of city in event of severe drought. 
Present water consumption in Macomb 
approx. 63 gpd./cap., which is lower 
avg. consumption than in several other 
representative cities in Illinois utilizing 
surface reservoirs for source of sup- 
ply. 14.23 acre-ft. of sediment de- 
posited in Spring Lake 
represents destruction amtg. to $3200 
of original cost of constr. of reservoir 
At ‘48 price levels, it would cost ap 
$7500 annually to replace stor 


every vear 


prox 
age capac lost to sediment each veat 
in Spring Lake. As 
signed and built, Spring Lake had ratio 
of capac. to watershed (C/I ratio) ot 
acre-ft Sedimentation in 
vestigations im 


originally de 


sq.mi. 
recent years in 


and in Illmois indicate that reservoir 
of this size in Illinois should have 
C/W ratio of at least 150 acre-ft 


sq.mi. for life of 100 yr. Records indi 
cate that heavy rainfall on watershed 
increases turbidity in lake 
Although some of this turbid 
over spill- 


yreatly 
water 
water undoubtedly 


way, much remains in lake for days 


passes 


after rain occurred, permitting silt to 
settle out Sediment deposited in 
Spring Lake during its 20.4-yr. life 
represents avg. annual loss of 47.93 
ew.ft., or 144 sediment pet 
acre from watershed, Anals 
samples of sediment taken from repre 


tons of 
made of 
sentative parts of lake. Samples can 
he grouped according to definite physi 
cal and chem. characteristics. Charac 


(Continued 


ter of sediment differs according to 
location in reservoir. Finer, more fer 
tile and less compacted sediment lo- 
cated in main body of lake. Coarser, 
less fertile, more compacted and some- 
what less acid deposits located in delta 
and impounded channel sections of 
lake. Lake sediment contains estd. 
132,500 Ib. of readily available potash, 
141,000 Ib. of phosphoric acid and 
22,700 lb. of nitrogen. At current 
market prices for fertilizer, this has 
potential value of $21,900. Lake sedi- 
ments finer textured than watershed 
soils, due in part at least to selective 
erosion and assortimg effect of flowing 
water. Two main classifications of 
soils occurring in watershed: | 1] dark 
colored, more fertile upland prairie 
soils which occupy 66.3% of water- 
shed; and [2] lighter-colored upland 
timber soils which make up 28.4% of 
watershed area. Of total cropland in 
watershed, 86.7% located on slopes of 
than 4%. Of land in pasture. 
47.1% located on slopes of less than 
4%. Conservation survey shows that 
82.7% of watershed is in land capa- 
bility classes considered safe for con- 
tinuous cultivation. At present about 
97% of cultivated land falls within 
these capability classes. In Emmett 
Township, in which most of watershed 
lies, '38~"47 trend in cropping has been 
toward increasing inter- 
tilled corn and soybeans. In 
‘47 avg. farm in Emmett Township 
consisted of 136 acres, of which only 
58%, tillable. Of this tillable land, 
however, 63° in corn and soybeans, 
which denotes overproduction of these 
intertilled crops. Such overcropping 
conducive to increased 
Conservation watershed in 
dicates that more than 95% of sedi- 
ment in Spring Lake comes from sheet 
erosion. Ot land area contributing to 
erosion, 54% now in cropland and 41% 
At present small propor- 
tion of farmers of watershed partici 


less 


acreages of 
crops - 


soil losses 


survey of 


in pasture 
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Horton Welded Steel Reseruain 


The City of Manhattan, Kan., more than doubled the storage capacity 
in its water system by installing the!] ,250,000-gal. reservoir, shown above, 
in the western section of the city. It is 62 ft. in diam. and 56 ft. 6 in. 
to the high water line. The elevation of reservoir is about 130 ft. above 
the ground level at the pumping station in the southeastern portion of 
the city. This enables the reservoir to maintain gravity pressure in the 
entire system. Write our nearest office for quotations on reservoirs or 
elevated steel tanks. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE CLEVELAND 
SAN FRANCISCO HOUSTON ATLANTA HAVANA LOS ANGELES 
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SOFT WATER? 
Yos — but 


When you buy any zeolite water 
softener—manual, semi-automatic or 
fully automatic— insist that it be equip- 
ped with an H & T poppet type multi- 
port valve. 


This valve, built in all sizes and for 
all requirements, is a masterpiece of 
workmanship and operating simplicity. 
It is available only to experienced water 
softener manufacturers. 


Designed, built and guaranteed by 


HUNGERFORD 
& TERRY, INC. 


Clayton, New Jersey 
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pate in soil conservation program. 


| Great number of farms operated by 


tenants for absentee owners. Conser- 
vation survey shows that major 


changes needed in this watershed to 


make land use conform to land capa- 
bility. In general, longer rotations 
needed in addn. to soil conservation 
measures. Estd. that complete protec- 
tive program on this watershed as out- 
lined in this report would reduce soil 
losses by 80%. Possible remedial 
measures for maintg. water supply for 
Macomb include: [1] raising present 
dam; [2] constr. of another reservoir, 
possibly at location just downstream 
from present Spring Lake; [3] adop- 
tion of intensive soil and water con- 
servation program on watershed; and 
|4] development of ground water sup- 
ply. Dredging does not appear eco- 
nomically feasible. Adoption of soil 
conservation practices means increased 
net income to farmer. For 10-yr. pe- 
riod, high-conservation farms 
in comparable area had net incomes 
(after all costs of conservation paid) 
of $3.46 per acre per yr. more than 
low-conservation farms. Recommen- 
dations: [1] qualified professional 
engr. should be engaged to make com- 
plete study of Macomb water supply 
problem; and [2] city should immedi- 
ately undertake soil and water conser- 
vation program on Spring Lake water- 
shed in cooperation wth existing con 
servation agencies.—/:d 


WELLS AND GROUND 
WATER 


Geophysics in the Search for Water. 
B. J. C. O’Suttivan. Wtr. & 
Eng. (Gt. Br.) 52:214 (May ’49). 
Elec. charting of well can give useful 
information regarding lithology, zones 
of inflow and hydrostatic pressure, 
not obtainable ordinarily by direct 
ground sample examn. As alternative 
to elec. logs from boreholes, and to 
minimize test hole drilling, depth rec- 
ord of ground conditions can be 
(Continued on page 66) 
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FOR HORIZONTAL METER SETTINGS 
ia Close Quarters 


With the Ford Linesetter, meters may be 
set close to walls or floors, inside, out- 
side or in meter boxes without warping 
or bending service pipes. 


At the same time, the Linesetter provides 
a permanently aligned, properly spacec. 
electrically bonded opening for the 
meter. 


FORD 


LINESETTER 


Send for detailed 
information and 
the complete 
Ferd catalog 
No. 50—FREE. 


THE FORD METER BOX COMPANY, INC. FORD 
FOR BETTER WATER SERVICES & 


Wabash, Indiana 
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obtained by resistivity methods. In 
“Wenner” resistivity method, 4 elec- 
trodes driven into ground, spaced 
equally and in line. Test current 
passed through ground via 2 outer- 
most electrodes while voltage pro- 
duced between inner electrodes meas 
ured to assess resistivity of ground 
Rhometer instrument, when used to 
measure resistivity by Wenner 4- 
electrode arrangement, gives all field 
readings direct in ohm-feet apparent 
resistivity Reading can be trans 
ferred from meter dial to graph sheet 
immediately and ground resistivity 
curve plotted on site. One drawback 
to Wenner surveying by means of 4 
ground spikes, with or without const. 
current per foot run, was that each 
resistivity measurement obtained un- 
der different current density and distr. 
conditions within ground under test 
Few, if any, resistivity measuring in 
struments used in England appear to 
meet fully elec. ground circuit condi 
tions necessarily encountered during 
most resistivity measurements in held 
Rhometers can be used with many dif- 
ferent ground electrode configurations, 
and also to test field lines and cable 
winches for continuity before start of 
field investigation. Possible that test 
current can be neutralized by dc. ex- 
isting in ground or by de. induced as 
hack emf. (polarization). To offset 
ground polarization, only one course 
seemed possible—to saturate ground 
with elec. current so that in effect 
natural potentials and electrolytic et- 
fects rendered quite small in relation 
to heavy test current density used and 
large voltage drop so caused. In bed- 
rock contouring, problem of highly 
conductive overburden constantly oc- 
curs. To combat such adverse condi 
tions, single-source electrode driven 
into ground over spot to be analyzed 
in depth. Elec. power fed to ground 
in pulses at this point, collected by 
one or more collector electrodes on 


large circle around source as center 


(Continued on page 68) 


If two probe electrodes, at fixed dis 
tance apart, simultaneously moved out- 
wards and radially from source, this 
represents how square-law or Rho- 
mosphere investigation carried out on 
surface of ground to gain information 
of conditions under ground. Square- 
law investigation consists in feeding 
vol. of ground with as much current 
as would produce const. elec. current 
density at point of potential measure- 
ment, if territory homogeneous. To 
picture this method more easily, con- 
sider current distr. from point source 
on surface of homogeneous conductor, 
such as water in large metal bowl. 
Here current will be radiated equally 
in all directions. If lump of wax in- 
troduced into water, concentric rings 
of potential become distorted and one 
can measure such distortion on sur 
face of water. In many geophysical 
surveys surface variation actually be- 
ing sought. In resistivity logging of 
wells effect of well fluid on = such 
measurements seems ignored by those 
who rely on borehole elec. logs for 
site information. If direct compari 
son were possible from elec. resis 
tivity, data would refer either to re- 
sistivity under analyzed water or ob- 
tained under certain fixed percentage 
satn. conditions. Strike and dip of 
subsurface strata bound to affect re- 
sults of elec. ground measurements. 
Choice of geological direction or ori- 
entation of electrode lines may make 
or mar success of survey. Another 
aspect of geoelectrical surveying is ef- 
fect of earth’s magnetic field on all 
types of resistivity measurements in 
which electricity injected into ground 
at relatively low density. Geophysicist 
undertaking elec. measurements faced 
in midheld with conflicting set of re- 
quirements in area presenting appre- 
ciable geological dip. Fact that most 
underground test current will flow un 
der and around horizontal line join- 
ing 2 current electrodes implies that 
ground surface between these power! 


| 
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power costs reduced 14% 
volume increased 300% 
coefficient raised 225% 
for 
ATLANTA 


of 300% in the 


50 CHURCH STREET, NEW YORK 7. N. Y. 
ATLANTA, GA., 333 Candier Bidg. & P. O. Box 9—Station E @ BOSTON, 115 Peterboro 
Street @ CHICAGO, Room 1336, S. Michigan Ave. @e KANSAS CITY, MO., 406 Merchandise 
Mart, 2201 Grand Avenue @ LOS ANGELES, 448 South Hill Street @ LITTLE FALLS, N. 
J., P. O. Box 91 @ OMAHA, 3812 Castellar Street @ RICHMOND, 210 E. Franklin St. @ 
SPRINGFIELD, MO., 1301 Prospect Avenue @ SALT LAKE CITY, 149-151 W. Second So. St. 
@ SAN FRANCISCO, 681 Market Street @ SIGNAL MOUNTAIN, TENN., 204 Slayton St. 
@ FLANDREALU,S. D., 315 No. Crescent St. @ MONTREAL, 2028 Union Avenue @ VAN- 
COUVER, B. C., 505 West Ist Ave. @ WACO, P. O. Box 887 @ WINNIPEG, 576 Wall St. 
@ HAVANA @ SAN JUAN, PUERTO RICO @ BOGOTA @ CARACAS @ MEXICO CITY. 
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Before ng 17,000 feet of 
; to over 135, resulting in a power saving 
: |e, 14%: an increase 
similar, obtained in the a 
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Only the Geldok Model 87 
offers these BIG features: 
PENTODE TUBES: 
These tubes hove biased volt. 
oge which mokes possible 
sharply defined separation 
of closely spoced pipes 
MIECROTUMING: 
The meto! hondie is quickly 
and rigidly locked for per 
fect electronic balancing 
APPROVED LICENSE: 
The Goldak Company mon- 
vfoctures the only Pipe Lo- 
cater licensed by Western 
Electric, added assurance 
of better performance 


EXACT tecation of 
«buried pipes, mains, 
gates, tees, etc. « Totol 
weight, |!) mon 
operation! « Strong, pos- 
itive location signal « 
Stendord miniature radio 
tubes and flashlight bot- 
teries « Lasts a lifetime— 
gvorenteed performonce. 


Write for FREE literoture 


GLENDALE I, CALIFORMIA 
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electrodes will be at relatively high 
current density. For depth surveying 
in area with considerable surface vari- 
ations, every attempt should be made 
to assure: [1] that potential probes 
moved along line of strike, 
cases; [2] that probable path of max 
current flow at surface of ground i 
at angle to potential electrode tracking 
line—H. Babbitt. 


in general 


Renovating Old Wells. F. Kas- 
secker. Gas, Wasser, Warme ( Aus- 
tria) 2:237 (Oct. "48). Deep wells 
clogged by sand, 

products renovated by introducing 3” 


mud and corrosion 


and 3” air line into casing, 
Water under 
pressure introduced first, followed by 
air. Yield increased from 0.3 to 13.5 
and 17 |./sec. Removal of sand and 
dirt accomplished by repeatedly forc- 
10 min. and 


water pipe 


extending 20°” below 


ing water into well for 


then applying suction to air line.— 


W’. Rudolfs. 


ANNUAL REPORTS 


Greenville (S.C.) Water Works. Au- 
ditor’s Report (Year Ending July 31, 
1949). Operating income $596,456.96, 
operating expense $159,152.81, net op- 
erating profit $437,304.15, interest on 
bonds $84,975.79, bonds retired $158,- 
000, addns. to permanent plant $201,- 
570.89; excess of all expenditures over 
income $7,242.53, reducing current 
surplus to $401,080.88. Value of per- 
manent plant $5,898,788.74, total capi- 
tal assets $6,873,276.14, bonds payable 

net bonded debt $3,404.,- 
468 60, capital surplus $3,138,276.14.— 
R. Thompson. 


Newport News (Va.) Water Works 
Com. Report on Audit (1948). Cur- 
rent assets $726,271.18, book value of 
property and equip. $9,659,452.13, de- 

reserve $1,559,591.58, bonds 
$1,937 000, $6,355,- 


preciation 


payable surplus 


(Continued on page 70) 


oot! 
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| Dont -KNOW | | 
ROLDAR i 
LEAK DETECTO" | 


BEAUTY 
EFFICIENCY 
ECONOMY 


FOR MUNICIPAL WATER STORAGE 
REQUIREMENTS 


PITTSBURGH 
eDES MOINES 


Match your specific water storage need with the 
right Pittsburgh-Des Moines Elevated Steel Tank! 
We will be happy to consult with you at any 
time, without obligation . . . meanwhile, write 
today for our comprehensive new Catalog: in- 
formative, clear, complete! 


4 
i 
GOR 
4 
; PITTSBURGH’ DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES and SANTACLARA 
_ NEW YORK Room 921, 270 Broadway DALLAS... . 1229 Praetorian Building 
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245.72. Uncollectible accts. charged 
off $1,512.09. Total water sales $935.- 
177.16, operating income $957,204.03, 
operating expense $576,994.94, profit 
from operation $380,209.09, net income 
$331,251.91, retired $83,000, 
bonds $1,937 GOO.—R. 


bonds 
payable 
Thompson. 


Richmond (Va.) Dept. of Public 
Utilities. Annual Report (Year 
Ending June 30, 1949). Pop. 240,400, 
water customers 52,826 (128.6 gpd. 
cap.), customers per mi. of main 97, 
earnings per person $8.47. 2 settling 
basins, each of 85 mil.gal. capac.; 10 
filters with 10,780 sq.ft. area, rated 
capac. 30 mgd. but operated success- 
fully at 35; finished-water storage 2.5 
mul.gal., addnl. finished water available 
6.4 milgal.; elevated storage 2.1 mil. 
gal. (3 tanks). Avg. water treated 


31.9 mgd., avg. filter run 71.2 hr. Ac- 
tivated C applied to filters at beginning 
of run, addnl. amts. added at intervals 
of 24 hr. If more than 10 Ib./mil.gal. 
required, excess added betore coagu- 
lant. Chem. treatment before filtra- 
tion: CuSO,, Cl 22.6 lb./mil.gal. avg., 
CaO (intermittent), alum, chlorinated 
copperas, activated C 5.5 Ib./mil.gal. 
avg.; after filtration: NH, 3.2, Cl 11.5, 
CaO 54.7 |b./mil.gal. avg. Avg. tur- 
bidity reduced from 36 to 0.11, color 
irom 59 to 2.1, alky. from 39 to 29, O 
consumed from 5.7 to 18 ppm. Max. 
turbidity of raw and filtered water 350 
and 0.5, respectively, color 280 and 8 
Avg. pH increased from 7.5 to 8.7. 
Avg. bact. count (37°C.) reduced 
irom 1,271 to 0 per ml. No positive 
presumptive coliform tests on tinished 
water in 100,10 or 1 ml. Mi. of mains 
544, fire hydrants 3,276, active meters 


(Continued on page 72) 


3,000,000 ART CONCRETE 
METER BOXES NOW IN USE! 


Since 1911 more than 1,500 different water 
systems throughout the Pacific Coast and 
Southern states have installed Art Concrete 
Meter Boxes! 


Let us explain how you, too, can benefit 
from Art Concrete. jrite! 


Art Concrete Works 


SAN 


@ Saves 75% of costs 
@ Goes 4 times as far 
@ Eliminates caulking 
@ Needs no large bell holes 
@ Self-seals If broken 
Immediate shipment. FREE: Illustrated catalog. 
Producers alse of M. H. Brand Caulking Lead 


MICHAEL & CO., INC. 
862 East Ferry St. Buffalo 11, N. Y. 
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removed 


This pipe section was cut, under pressure, from a 48” main 
without shut-down or other interruption to service. The operation 


was performed in the course of inserting a gate valve ina 

48” cast iron main, in the distribution system of the 

Water Bureau, City of Philadelphia, Pa. 

Gate valves can be inserted under pressure by SMITH in cast iron, 
asbestos—cement or steel water mains, sizes 4” and larger, 
without shutting off service or dewatering the line. 
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53.920. Rates: first 600 cu.ft. or less 
per mo $1.00, balance 6—15¢ per 100 
cu.ft., in county 6.5-32.5¢ per 100 


Thompson. 


Tacoma (Wash.) Dept. of Public 
Utilities. Report of Water Div. 
(1948). Plant investment increased 
from $1,125,000 when 
1893 to $17,289,770.36;: 
creased from 6 to 70 med 
R. gravity system. 39 med 
iliary well system will be increased to 
than 63 wells under 
System with 


purchased im 
capac nm 
from Green 

from aux 


more med. by 


const! selt-supporting 
rates for general use 


watershed on west 


no mcrease 11 


since ‘19. Green R 


slope of Case ade Mts., heavily wooded 


895 at 
diversion dam to over el. 5,700. Pptn. 
probably exceeds 85” per yr. Water 
flows from dam through short tunnel 
to settling basin, thence mainly in con- 
crete or steel pipeline, 39-64” diam., 
to MeMillin Res. (110 
wo pipelines, one 15 mi 
to city distr. sys- 


and mountainous, rises from el 


about 27 mi 
long, connect latter 
tem, water being admitted through au- 
tomatic reducing valves at key points 
service Water 

MeMillin Res. at 


water normally re 


in higher can be 


from rate of 


(ireen R 


drawn 
93 med 
quires no clarification, but when turbid 
due to floods, city supplied from stor- 
Hardness of rivet 
water 21 and ot water 61 
Cl and NH,, in 10:1 ratio, applied 4 
mi. below intake and again at outlet 
of MeMiullin Well nor- 
mally sterile but also treated with Cl. 
About 1500 samples from distr. system 
1 and bact. qual 
gates 6532, hy 


age and wells 


well ppm 


water 


Res. 


annually for ¢ 
mains 394 mi., 


examd 
Distr 
drants 2119, standpipes 5 | 
), distr. storage 49 mil.gal 
28,320 gpm 


2.5 mil.gal 
total capac 
pumping station 
McMillin Res. water not used by hig! 
service is spilled 
reservoir, surplus from latter to low- 


capac 


to muddle-service 


from latter to 
services, 13,768 metered. 
151,000, 12,000 
consumption exclusive of 


service reservoir, and 
bay. 38,808 
Pop rved 
city 

pulp mills 33.36 mgd. (221 gpd./cap.), 
total consumption 50.43 mgd., 
max. 70.3. Avg. cost of water deliv- 
ered 4.2¢ per 100 cu.ft. of which 0.39¢ 


( TOSS revenue $1 .256,- 


outside 


avg 


fixed charges 
989.69, net income $252,600.66, bonds 
redeemed $411,000, surplus $6,351,- 
$33.07, bonds outstanding $4,077,000. 
Metered 4-106 per 100° cu-ft., 
plus ready-to-serve charge of 50¢ per 


Thompson. 


rates 


mo. (2” meter) 
Halifax (N.S.) Public Service Com. 
Annual Report (1948). Area 6.84 
estd. pop. 98,719, 
Potal natural 
total 
from 


sq.mi., pptn. 66.6”, 
pop. per mi. mains 907 
surface 992 acres, 
watershed 10,155 
lakes to city limits 10.4 mi., mains in- 


side limits 108.9; total storage capac. 


reservoir 


acres, mains 


high service 700 mil.gal., low service 
1773 mil.gal.; total water supplied 4128 
mil.gal. Gross value of utility plant 
$6,865,528.84, provision 
ation $1,854,630.77. Operating 
nue $776,662.25, operating expense 
$391 264.12, depreciation $90,000, debt 
service charges $233,018.02, surplus 
$24,289.50. General Manager’s Re- 
port: New rate schedule in effect 9 
mo.—-deticit of about $115,000 in °47 


for depreci- 


reve 


changed to surplus as above. Coopera- 
tion with fire dept. and maint. of serv- 
high std. secured reduced in- 
surance rates. Adoption of “Willing 
Water” for public relations material 
achieved most results. 
With view to improving understanding 
of management problems by employ- 
ees, arrangements made for 2 of latter 
to attend executive meetings. Safety 
program: time lost through accidents 
812 hr. compared to 2128 in ’47. Of- 
fice Manager’s Report: Consumers 
13,456, increase of 200. Largely quar- 


ces at 


encouraging 
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INSTALL GUARANTEED 
. CORROSIONPROOF CARLON PLASTIC PIPE 


< CARLON is the modern answer to the old problem of 
periodic replacement of corroded pipe in water and 
sewage lines. This remarkable new plastic pipe is guaranteed 
forever against rot, rust, and electrolytic corrosion. It has a 
projected service life more than double that of ordinary pipe, 
even under the most severe conditions. 
Flexible and extremely light in weight, CARLON is easier and 
more economical to install. Long sections can be handled by 
one man, who can lay the pipe and then make joints in two 
minutes. In addition, many fittings necessary for ordinary 
pipe are completely eliminated. 


CORROSIONPROOF + LIGHT WEIGHT © FLEXIBLE 
These features make CARLON PLASTIC PIPE the outstanding 
water transmission development of the century. 


Write today for additional information, or 
call BRoadway 6565 for immediate service. 


CHECK CARLON SIZES + + LENGTHS + + WEIGHT « + STRENGTH 


| CALCULATED NORMAL 
SHIPPING 


CARTER PRODUCTS 
CORPORATION 
110126 MEECH AVENUE 


CLEVELAND 5, OHIO 


° 


oeo 


BEESZESEE| © 


$8338 


cARLo, 
>) 
1/2 | $40 t» 0.103 Ie. | 4 
| 350 te 0.140 ib 
200 Ib 0.267 ip. | 

2 170 0.445 tb. | 2 
130 125 ib 7 
6 15 2.23 tb. 25 f+. 
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terly billing, investigator contacts all 
delinquents. Service suspended for 
only 6 accounts and uncollectible accts. 
total only $345.22, i.c., less than 0.06% 
of revenue from water sales. Approx. 
37% of accts.—nearly double that in 
'47—paid at collecting banks Stub 
billing substituted for ledger card sys- 
tem and found satisfactory. 
Total of 114,995 meter readings made 
by staff of 7—less than 1% obtained 
by postcard and second calls.  Per- 
petual plant inventory nearly complete. 
Capital funds borrowed from bank as 
required and liquidated at end of yr. 
hy debentures. Leakage survey, cost 
$8333, corrected loss of 1.8 ingd. De- 
tailed financial statistics presented and 
explained. Net surplus to Dec. 31, '48, 
$263,179.93. Chief Engineer's Re- 
port: Expts. made on treatment of 
super-high-service water at Robie St 


very 


Pumping Station with about 12 ppm. 
Na silicate to correct corrosiveness. 
Sample nipples of Pb, Fe, Cu and brass 
placed in treated and untreated water 
No apparent difference in coat- 
ing on these in 2 mo. Expt. being 
continued. Leakage resurvey (sur- 
veved in '46) revealed leakage totaling 
about 16% of consumption. Saving 
nearly 3 times cost of survey. Water- 
shed patrolled regularly; contamn. of 
raw water considerably less. Avg. Cl 
dosage about 1 ppm. Closer control 
over residual Cl through use of OTA 
comparator. Transmission mains, 15 
and 20”, cleaned at cost of 4.5¢/ft 
Scraper stuck at one point had to be 
All hydrants 


lines. 


removed by excavation. 
repainted and numbered at cost of 99¢ 
ea. System of detailed hydrant rec- 
thawed 
(204) and hot 


ords imaugurated Services 


with elec. arc-welder 
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There is a plus value in 
Kupferle Fire Hydrants. 
The Know How acquired 
through fifty years of con- 
tinuous production. 


Serres 100 meet all A.W 
specifications, tested and ap 


proved by Fire Underwriters. 


JOHN C. KUPFERLE FOUNDRY Co 
ST. .ovis 


Please adviseA.W.W.A. prompt- 
ly of any change in your mailing 
address. Leaving a forwarding 
address at your old post office is 
not enough, because postal regu- 
lations require periodicals to be re- 
turned to the sender if not claimed 
at the original destination. 


Prompt notification will keep 
your Journals and other commu- 
nications coming to you without 
annoying delays and lapses. 


American Water Works Assn., Inc. 
500 Fifth Ave. New York 18, N.Y. 


g Re MOVING 
9? | 
Onn a 
| 
KUPFERLE 
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TO FEED DRY CHEMICALS 
FOR WASTE TREATING AND 
WATER CONDITIONING 


NFILCO’S recent 8-page Bulletin No. 215 

gives you valuable up-to-the-minute data 
on how you can feed dry chemicals with 
greater accuracy and efficiency. It contains 
detailed descriptions, pictures, drawings, 
charts and tables covering the new Type E 
Dry Chemical Feeder . . newest development 
of our research staff. The E is an outstanding 
achievement made possible by more than a 
quarter century of experience in the design 
and manufacture of chemical feeding equip- 
ment. Here, at last, is a simple, compact unit 
capable of feeding many millions of pounds 
of chemicals with unvarying accuracy and 
low upkeep cost. Sturdy and dustless in oper- 
ation, the E is made for either constant or 
automatic proportional feeding. Get complete 
information. Write for Bulletin No. 215, 
NOW! No cost or obligation is involved! 


TYPE E 


| FREE LABORATORY SERVICE. .SEND FOR THIS | 


| WATER CONDITIONING ANALYSIS SHEET! | 


Get ovr Water Anolysis Sheet, then 

| in ond return it with sample | 
You will receive our laboratory anoly- - 

| sis and report promptly. A valuable “= ae 


INFILCO CHEMICAL CALCULATOR 
slide rule sent FREE to oll who re "a ty 
turn it. There's no cost or obligation 


| 
| 


BETTER WATER CONDITIONING 
AND WASTE eae SINCE 


INFILCO ine. 


os 


7 
‘ 
| 
a WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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(16). Time for former 
24 min. Meters tested periodically 
and changed every 5 yr. Hydrants 
768, main valves 1551, meters 13,456 
Avg. consumption 11.28 mgd. pH 4.5- 
6.5.—R. E. Thompson. 


water tube 


Singapore Water Dept. Annual Re- 
port (1948). Difficulties in securing 
adequate supplies and staff, together 
with terrorist activities, interfered 
with catchment area inspection. Sedi- 
mentation insufficient and plant at Jo 
hore obsolete but reasonable results 
obtained. All raw waters treated with 
lime at source and later with ammonia 
and Cl. New meters and waste detec- 
tion increased accounted-for water 
from 85.1 to 90.9% 
works 29 mgd. ; avg. daily consumption 
31.36, of which 0.38 salt water. Avg 
cost per 1000 gal. 53¢, salt water 25¢. 
Rainfall at 3 impounding reservoirs on 


Safe capac. of 


island and 3 at Johore 107.5-139.5” 
At Woodleigh slow sand filters, treat- 
ment with lime and soda ash before 


sedimentation, and with lime, ammo- 
nium sulfate and Cl filtration, 
avg. dosage of latter 0.58 ppm. Avg. 
filter rate of filtra- 
tion 416 gal Bukit 
with 


after 


run 21] davs, avg 
sq.vd./day. At 
Timah filters, 
lime and Cl bhetore sedimentation and 


mech treatment 
with Cl, ammonium sulfate and ammo- 
nium chloride after filtration Ave. 
(1 dosages 0.47 and 0.6 ppm., respec- 
tively. Avg. per filter run 8167 gal 

sq.ft. At Gulong Pulai filters, treat- 
ment with lime, soda ash, alum, NH 
and Cl before filtration and with Cl 
and ammonium sulfate after filtration 
Avg. Cl dosages at various points 0.24- 
0.38 ppm. Amount per filter run 1602 
gal./sq.ft., wash 10.13% of 
filtered. Avg. anal. of tap 
water: alky. 13.3 ppm., pH 7.6, free 
Cl 0.013 ppm., agar count 87, lactose 
fermenters absent in 100 ml. in 95.6% 
Distr. mains 432 mi., sup- 


water 


water 


of samples. 


ply mains 74 mi., hydrants 3801. 
Waste survey on 371 mi. of mains saved 
estd. 0.52 mgd. —R. E. Thompson. 


OTHER ARTICLES NOTED 


Recent articles of interest, appearing in 
American periodicals not abstracted, are 
listed below. 

Radioactive Tracers in Flow Tests. 
S. Arcuipatp. J. Boston Soc. 
Civ. Engrs., 37:1:49 (Jan. °50). 


Cavitation in Centrifugal Pumps. A. 
J. Svtepanorr. Eng. Papers of Hy- 
draulic Inst., 2:5 ('50). 


A Comparative Study of Media for the 
Detection of Streptococci in Water and 
Sewage. W. L. MALLMANN «& E. B. 
SELIGMANN Jr. Am. J. Pub. Health, 
40 :286 ( March '50). 


Etfects of DDT Mosquito Larviciding 
on Wildlife. V. Effects on Fishes. .. . 
CLARENCE M, Pub. Health 
Repts., 65:231 (Feb. 24, 


Engineers Build 500-mgd. Water Sys- 
tem for Sunbury Steam-Electric Sta- 
tion. CHartes B. Seis. Civ. Eng., 
20 :2:26 (Feb. ’50) 


The Design and Construction of Perry 


Service Reservoir. C. A. 
BRIDGER. Jour. N.E.W.W.A., 63:4: 
325 (Dec. 


Chicago Area Water Supply—A Sym- 
posium. Midwest Engr., 2:6:6 (Feb. 


SO). 


Casual Observations of English Water 
Works Practice. E. SHERMAN CHASE. 


Jour. N.E.W.W.A., 63:4:315 (Dec 
Important 1949 Court Decisions. Lro 


W.W. Eng., 103:2:125 


T. PARKER. 
(Feb. ’50). 
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Consioer THESE 
ADVANTAGES OF 
AMERICAN CONCRETE 
CYLINDER PIPE 


—for main water 


transmission lines 


COMBINES strength of STEEL 
with the protection and 
permanency of CONCRETE 


Cutaway illustration shows spigot end 
of 24” diameter American Concrete 
Cylinder Pipe which employs the Lock 
Joint Rubber Gasket type of closure. 
This pipe is manufactured in diam- 
eters of 14” through 42”, in nominal 
laying lengths of 30’, and for operating 
pressures of 100 psi and greater. 


| 
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This composite, modified pre- 
stressed pipe— 


/ Combines the physical strength and 
v characteristics of steel with protective 
features and permanency of well-made 
concrete. 


/ Will, under normal bedding and back- 
fill conditions, successfully withstand 
external or trench loads up to 10 ft. of 
cover or more. Excessive loads are safely 
provided for by special bedding or back- 
fill. 


/ Has ample strength for the occasional 
concentrated loading which is some- 
times met in practice. 


/ Will remain water tight under condi- 
V tions of foundation settlement or soil 
movement within the limits generally met 
in water works practice. 


/ Has a long life with freedom from 
corrosion or deterioration. Concrete 
encasement protects steel cylinder and 
reinforcement from electrolytic action and 
deleterious ground water. 


! Has a conservative design basis and 
assumed unit stress which provide 
ample factor of safety for all normal con- 
ditions of service including surge and 
water hammer. 


{ Will safely withstand sudden and ex- 
treme increases of pressure, or other 
disturbances, which might tend to burst 
or shatter ordinary types of pressure pipe 
having less elasticity. 


‘ Has ample strength to withstand all 
normal handling conditions. 


Compiete information ts available 
upon request 


CONSTRUCTION CO. ) 


Concrete Pipe for Main Water Supply 
Lines, Storm and Sanitary Sewers, Sub- 
aqueous Pipe Lines, P.O. Box 3428, 
Terminal Annex, Los Angeles 54, 
Calif. Main Offices and Plant—4635 
Firestone Boulevard, South Gate, Cali- 
fornia. District Sales Offices and 
Plants—Oakland—San Diego —Port- 
land, Oregon 
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78 SERVICE 


HELLIGE 
lesteR 


EMPLOYING 


NONFADING 
GLASS COLOR 
STANDARDS 


THE HELLIGE AQUA TESTER 
combines the advantages of non- 
tading glass color standards with radi- 
cal improvements in desiga. This 
Water Tester is, we believe, the most 
advanced wpe ever brought on the 
market and brings to its user the ut- 
most im accuracy, permanent relia- 
bility, and ease of operation. 


Glass Color Standards based on A.P.H.A. and 
\.W.W.A,. methods are available for Color of 
Water, Ammonia Nitrogen, Nitrite Nitrogen, 
Nitrate Nitrogen, Chiorine, Iron, Dissolved 
‘*xygen, Manganese, Lead, Phosphate, Silica, 
“ulphides and Hydrogen lon Measurements. 


Write for Bulletin No. 602 


HELLIGE 


imCOR PORATED 


3718 NORTHERN BLVD. 
LONG ISLAND CITY 1.N.Y. 


LINES Vol. 42,No.4 


A “Chlorine Handbook” contain- 
ing general information on chlorine, its 
characteristics, hazards and history, as 
well as technical information and 
charts showing its properties, has been 
prepared and is available from Dia- 
mond Alkali Co., 300 Union Commerce 
Bldg., Cleveland 14, Ohio. The book- 
let is handsomely printed and illus- 
trated and contains 44 pages. 


Rex travelling water screens are 
the subject of Bul. 50-36 issued by 
Chain Belt Co., 1600 W. Bruce St., 
Milwaukee, Wis. Information essen 
tial to the selection of the proper screen 
for any given application is included 
in the 12-page, illustrated booklet. 


Low-speed synchronous motors 
for high power factor, constant-speed 
drives are the subject of a new bul- 
letin, No. GEA-5332, available from 
the General Electric Co., Schenectady 


A circular illustrating power oper- 
ation of gates and gate valves is ob- 
tainable from Payne Dean & Co., 
Madison, Conn. 


A folder on Hills-McCanna dia- 
phragm valves, Bul. V-50A, is avail 
able from the company at 3025 N 
Western Ave., Chicago 18, Il. Cut 
away illustrations and diagrams show 
the construction of the valve, which 
utilizes the Saunders patent principle. 


The products, services and back- 
ground of Graver Water Conditioning 
Co. are outlined in an 8-page brochure, 
Bulletin. WC-100, which is available 
from Dept. 110 of the company at 216 
\W. 14th St.. New York 11. 


| Sewice | 
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ENVER’S new Conduit No. 20 
from its filter plant at Kassler 
to Marston Lake carries 200 mgd. 
This giant water line consists of 
52,252 ft. of 90-in. concrete pipe. 
Conduit No. 20 replaces wood 
stave lines laid many years ago over 
a more Circuitious route. This new 
line is the latest of a series of 
installations in the area, which 
during 1948 and 1949 used 30,003 
additional feet of concrete pipe 
ranging from 24-in. to 42-in. 
Denver's extensive use of con- 
crete pipe for water lines is typical 
of its preference throughout the 


JOURNAL 


A.W.W.A 


200 mgd. Denver Water 
Q Miles of COMCRETE PIPE 


country. Concrete pipe has the 
strength to carry heavy overburdens 
and to resist severe impact, the 
durability to give economical serv- 
ice. It has no tuberculation to 
impair its hydraulic efficiency. Its 
dense structure and joints, which 
can be made watertight, prevent 
leakage or infiltration. 

In concrete pipe water lines 
taste, odor and dirty water difficul- 
ties are minimized. Concrete pipe 
meets every Operating requirement 
and provides true low-annuval-cost 
service. That performance pleases 
engineers and taxpayers alike. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Ave. A national organization to improve and extend the uses of portiand cement 


Chicago 10, Ill. 


and concrete through scientific research and engineering field work 
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Index 


Acidizing of Water Wells: 

Dowell Incorporated 

Activated Carbon: 

Industrial Chemical Sales Div. 

Aerators (Air Diffusers): 

Infilco, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Alr Compressors: 

DeLaval Steam Turbine Co. 

Worthington Pump & Mach. Corp. 

Alr-Lift Pumping Systems: 

Worthington Pump & Mach. Corp. 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div 

General Chemical Div. 

Stuart Corp. 

Ammonia, Anhydrous: 

General Chemical Div 

Ammonta Receivers: 

Worthington Pump & Mach 

Ammontatora: 

Everson Mfg. Corp. 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc 

Brass Goods: 

American Brass Co. 

M. Greenberg's Sons 

Hays Mfg. Co 

ames Jones Co. 

Mueller Co 

A. P. Smith Mfg. Co 

Carbon Dioxide Generators: 

Infileo, Inc, 

Walker Process Equipment, Inc 

Cathodic Protection: 


Corp 


Dowell Incorporated (magnesium 
anodes ) 
Electro Rust-Proofing Corp 


Harco Corp., Rusta Restor Div 

Cement Mortar Lining: 

Centriline Corp. 

Warren Foundry & Pipe Corp 

Chemical Cleaning of Water 

alins: 

Dowell Incorporated 

Chemical Feed 

Belco Industrial 
Inc 

Builders- Providence, Inc. 

Everson Mfg. Corp. 

Infilco, In 

Crmega Machine Co 
ers Iron dry) 

Permutit Co 

Proportioneers, Inc 

Ross Valve Mig. Co 

Simplex Valve & Meter C 

Wallace & Tiernan Co., Inc 

Chemical Secale Removal Serv- 
lees: 

Dowell Incorporated 

Chemists and Engineers: 

(See Prof. Services, pp. 24-27) 

Chiorination Equipment: 

Builders-Providence, Inc 

Everson Mig. Corp 

Proportioneers. Inc 

Wallace & Tiernan Co, Inc 

Chiertne Comparators: 

Hellige, Inc 

Klett Mfg Co 

LaMotte Chemica! Products Co 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc 


Apparatus 
Equipment Div., 


(Div Buiid- 


Chiorine, Liquid: 

Solvay Sales Div 

Wallace & Tiernan Co., Inc 

Clamps and Sleeves, Pipe: 

James B. Clow & Sons 

Dresser Mig. Div. 

M. Greenberg's Sons 

James Jones Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Clamps, Bell Joint: 

Carson-Cadillac Co. 

James B. Clow & Sons 

Dresser Mig. Div. 

Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mig. Div 

Warren Foundry & Pipe Corp. 

Clarifiers: 

Chain Belt Co. 

Dorr Co 

Graver Water Conditioning Co 

Infilco, Inc 

Permutit Co 

Walker Process Equipment, Inc. 

Cleaning Water Maine: 

Flexible Underground Pipe Clean 
ing Co 

National Water Main Cleaning Co 

Cocks, Curb and Corporation: 

Hays Mfg. Co 

James jones Co. 

A. P. Smith Mfg. Co. 

Compressors, Portable: 

Worthington Pump & Mach. Corp 

Condensers: 

United States Pipe & Foundry Co. 

Contractors, Water Supply: 

Boy« e Co Inc. 

Layne & Bowler, Inc 

Controllers, Liquid Level. 
Rate of Flew: 

Builders-Providence, Inc 

Infileo, Inc 

Simplex Valve & Meter Co 

R. W. Sparling 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

Chemical Div 

Corp 


(enera 
Tennessee 
Corrosion Control: 
Calgon, Inc. 


Couplings, Flexible: 


DeLaval Steam Turbine Co 
Dresser Mfg Div 

Fairbanks, Morse & Co 
Philadelphia Gear Works, In 


Dechlorinating Agent: 


Virginia Smelting Co. 
Diaphragms, Pump: 
Dorr Co 


Proportioneers, Inc. 
Engines, Hydraulic: 
Ross Valve Mig. Co 


Engineers and Chemis«te«: 


(See Prof. Services, pp. 24-27) 
Feed Water Treatment: 

Calg 

Graver Water Conditioning Co 
Hungerford & Terry, lee. 

Infil In | 
Ferric Sulfate: | 
Tennessee ( orp | 
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Filter Materials: 
Anthracite Equipment Corp 
Infilc Inc 

Northern Gravel Co. 


Filters, Incl. Feed Water: 
Belco Industrial Equipment Div., 
Inc. 


Dorr Co 

Everson Mig. Corp. 

Infilco, Inc 

Permutit Co 

Roberts Filter Mig. Co. 

Ross Valve Mig. Co 

Walker Process Equipment, Inc. 


Filtration Plant Equipment: 

Builders-Providence, Inc 

Chain Belt Co 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infilco, Inc 

Omega Machine Co 
ers Iron Fdry.) 

Roberts Filter Mig. Co. 

Stuart Corp. 

Walker Process Equipment, Inc 

Welsbach Corp., Ozone Processes 
Div 


(Div., Build 


Fish Screens: 
Electric Fish Screen Co. 


Fittings, Copper Pipe: 
Dresser Mfg. Div 

M. Greenberg's Sons 

Hays Mfg. Co 

James Jones Co. 

Fittings, Tees, Ells, ete.: 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 

James Jones Co 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 
R. D od Co 


Flocculating Equipment: 
Chain Belt Co 

Dorr Co 

Infileo, Inc 

Stuart Corp 

Walker Process Equipment, Inc 
Fluoride, Sodium: 


Aluminum Co. of America 
cals Div. 


Chemi 


Furnaces: 
Jos. G. Pollard Co., Inc 
P. Smith Mfg. Co 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 

Builders-Providence, In 

Infilco, In 

Simplex Valve & Meter Co 

Gages, Loss of Head, Rate of 
Fiow, Sand Expansion: 

Builders-Providence, Inc 

Infilco, In 

Co., Inc. 

& Meter Co 


Simplex 

W 
Gasholders: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
Northrop & Co., Inc. 


Advertisers’ Products 
| 
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ACCURATE... 


TODAY... 
TOMORROW... 


and years to come! 


Accurate .. . today .. . tomorrow . . . and years to 
come! The experience of thousands and thousands 
of water men has given them that kind of confi- 
dence in CALMET Water Meters. And 
CALMETS everywhere are living up to their rep- 
utation for longer-life accuracy day after day, year 
after year .. . living up to their reputation, not on 
it! 


CALMET’S oscillating piston design, large capacity 
measuring chamber and slower moving parts result 
in a super-sensitive meter that will accurately re- 
cord every flow of water TODAY... TOMORROW 
...AND YEARS TO COME. 


Standardize TODAY on the meter of TOMORROW 
—CALMET! 


@ SALES REPRESENTATIVES — Write 
for complete details of the CALMET 
franchise in your territory. 


MET WATER METERS 


MADE BY WELL MACHINERY & SUPPLY CO. INC —rORT WORTH. TEXAS 
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Gates, Shear and Sluice: 
Armco Drainage & Metal Products, 


In« 
R D. Wood Lo 
Gears, Speed Recucing: 
DeLaval Steam Turbine Co 
Philadelphia Gear Works, Ilo 
Glass Standards—( olorimetric 
Analysis Equipment: 
Hellige. Inc 
Klett Mig Co 
LaMotte Chemical Products C: 
Photovolt Corp 
Wallace & Tiernan Co., Inc 
Goosenecks (with or without 
Corporation Stops): 
Hays Mig. Co 
James Jones Co. 
A. P. Smith Mfg. Co. 
Hydrantes: 
James B. Clow & Sons 
M. Greenberg's Sons 
James Co 
Kennedy Valve Mig. Co 
John C. Kupferle Foundry Co 
Ludlow Valve Mig. Co 
M & H Valve & Fittings Co 
Mueller Co 
AP. Smith Mfg. Co 
Rensselaer Valve Co. 
Ross Valve Mfg. Co. 
R. D. Wood Co. 


Hydrogen ton Equipment: 
Hellige, Inc 

LaMotte Chemical Products Co 
Photovolt Corp 

Wallace & Tiernan Co., Inc 


lon Exchange Materials: 
Hungerford & Terry, Inc. 
Infileo, Inc 

Permutit Co 

Roberts Filter Mig. Co. 
Kohm & Haas Co. 


Iron Removal Plants: 
American Well Works 
Beico Industrial Equipment Div., 


Chain Belt Co 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infileo, Inc 

Permutit Co 

Roberts Filter Mig. Co 

Walker Process Equipment, In 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Atlas Mineral Products Co 

Michael! Hayman & Co., Inc 

Hydraulic Development Corp 

Leadite Co., In 

Northrop & Co., In 

Joints, Mechanical, Pipe: 

Carson-Cadillac ¢ 

Cast Iron Pipe Research Assn 

Central Foundry Co 

James B. Clow & Sons 

Dresser Mig. Div 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp 

R. D. Wood Co. 

Leak Detectors: 

Goldak Co 

Jos. G. Pollard Co., Inc 

Slakers and Feeders: 

Dorr Co 

Infileo, Inc 

Omega Machine Co. (Diy Build- 
ers Iron Fdry.) 

Magnesium Anedes (Corrosion 
Control): 

Dowell Incorporated 

Manometers, Rate of Flow: 

Builders-Providence, Inc 


ADVERTISERS 


Meter boxes: 

Art Works 

Ford Meter Box (ec 

Pittsburgh Equitable Meter Div. 


Meter Couplings and Vokes: 

Badger Meter Mig. Co 

Dresser Mig. Div 

Ford Meter Box Co. 

Hays Mig. Co 

Hersey Mig. Co. 

James Jones Co. 

Mueller Co 

Nept une Meter Co 

Equitable Meter Div 
Smith zg. Co 


Gam ym Meter ( 


Meter Reading and Record 
Ihooks: 
Badger Meter Mfg. Co 


Meter Testers: 

Badger Meter Mig. Co 

1 rd Meter Box Ca 

Her ey Mie C 

Neptune Meter Co 

Pittsburgh Equitable Meter Diy 


Meters, Domestic: 

Badger Meter Mig. Co 

Buffalo Meter Co 

Hersey Mig. Co 

Neptune Meter C 

Pittsburgh Equitable Meter Div 
A P. Smith Mfg. C 

Well Machinery & Supply Co 
Worthington-Gamon Meter Co 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc 

Infileo, Inc 

Simplex Valve & Meter Co 

R. W. Sparling 

Meters, Industrial, Commer- 
elal: 

Badger Meter Mfg. Co 

Buffalo Meter Co 

Builders-Providence, Inc 

Hersey Mfg. Co 

Neptune Meter Co 

Pittsburgh Equitable Meter Div 

Simplex Valve & Meter (¢ 

Smith Mfg. Co 

R. W. Sparling 

Well Machinery & Supply Co 

Worthington-Gamon Meter Co 


Mixing Equipment: 
Belco Industrial Equipment Diy 


In 
Belt Co. 
Infileo, Ine 
W alke r Process Equipment, In 


Ozonation Equipment: 

Welsbach Corp., Ozone Processes 
Div 

Pipe, Asbestoe- Cement: 

Johns-Manville Corp 

Keasbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings): 

American Cast Iron Pipe ( 

Cast Iron Pipe Research Assn 


James B. Clow & Sons 

United States Pipe & Foundry C: 
Warren Foundry & Pipe Corp 

R. D. Wood Co. 


Pipe, Cement Lined: 

Cast Iron Pipe Research Assn 
Central fF dry ( 

lames B. Clow & Sons 

United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 

RK. D. Wood Co 


PRODUCTS INDEX 


Coatings and Linings: 
The Barrett Di 
Cast tron Pipe Research Assn 
Centriline Corp 
ag: Co Inc 
Re Tar & Chemical Co 
Warren Foundry & Pipe Corp 
Pipe, Concrete: 
American Pipe & Construction Co 
Lock Joint Pipe Co 
Pipe, Copper: 
American Brass Co 
Pipe Cutting Machines: 
rd Miz. Co 
Jos. G. Pollard Co., Inc 
A. P. Smith Mfg. Co 
Pipe Jointing Materials: 
See Jointing Materials) 
Pipe Locators: 
Goldak Co 
Jos. G. Pollard Co., Inc 
Pipe, Plastic: 
Carter Products Corp. 
Pipe, Steel: 
Armco Drainage & Metal Products 
In 
tethiehem Stee! Co. 
Pipelines, Submerged: 
Boyce Co., Inc. 
Plugs, Removable: 
James B w & Sons 
Jo. G 


\ ry 
Warren Fou ndry & Pipe Corp 
Potentiometers: 
Hellige, Inc 
Pressure Regulators: 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
leLaval Steam Turbine Co. 
Fairbanks, Morse & Co 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Centrifugal: 
American Well Works 
DeLaval Steam Turbine Co 
coms ymy Pumps, Inc. 
anks Morse & Co 
Peer ess Pump Div., Food 
Machinery Corp. 
Pumps, Feed: 
Infileo, Ir 
Proportioneers, Inc 
Wallace & Tiernan Co., Inc 
Pumps, Deep Well: 


cre an ell Works 


whe Rowler, In 
Peerle Pump Div., Food 
Machinery Corp 
Worthington Pump & Mach. Corp 
Pumps, Diaphragm: 
Dorr Co 
Proportioneers, Inc 
Pumps, Hydrant: 
Jos. G. Pollard Co., Inc 
Pumps, Hydraulic Booster: 
Fairbanks, Morse & Co 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
DeLaval Steam Turbine Co 
Economy Pumps, In 
Fairbanks, Morse & Co 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Sump 
DeLaval Steam Turbine Co 
Economy Pumps, Inc 
Fairbanks, Morse & Co 
Peerless Pump Div., Food 
Machinery Corp 
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Hegs can be supplied in off sizes 
84" with off types of joints 
in gecordance with Stendard 


BELL & SPIGOT 
PIPE 


FLANGE PIPE 


MECHANICAL 
JOINT PIPE 


FLEXIBLE 
JOINT PIPE 


SHORT BODY 
BELL & SPIGOT 
SPECIALS 


55 Liberty Street 


Foundry & Pipe Corp. New you's, NY. 


SPECIFY 
“WARREN 
PIPE” 


| 
$ 
4 
Teka sdvantage. of our ferge 
WARREN PIPECO. of MASS. 
4 
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Pamps, Turbine: 
DeLaval Steam Turbine Co 
Fairbanks, Morse & Co 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp 
Worthington Pump & Mach. Corp 
Recorders, Gas Density CO», 
ete.: 
Permutit Co 
Wallace & Tiernan Co., Inc. 
Recording Instruments: 
Builders-Providence, Inc 
Infileo, Inc 
Kk. W. Sparling 
Wallace & Tiernan Co., Inc. 
Keservoirs, Steel: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Stee! Co 
Sand Expansion Gages: 
(See Gages) 
Sleeves: 
(See Clamps) 
Sleeves and Valves, Tapping: 
ames B. Clow & Sons 
1 & H Valve & Fittings Co 
Mueller Co 
Kensselaer Valve Co. 
A. P. Smith Mig. Co 
Sludge Blanket Equipment: 
Permutit Co 
Seda Ash: 
Solvay Sales Div 
Sodium Hexametaphosphate: 
Calgon, Inc 
Softeners: 


Belco Industrial Equipment Div 


Graver Water Conditioning Co 
Hungerford & Terry, Loc 
Infilco, Inc. 

Permutit Co 

Roberts Filter Mfg. Co 
Walker Process Equipment, Inc 


Softening Chemicals and Com- 


pounds 
Ca Inc 
Infil Ine 


Tennessee Corp. 

Standpipes, Steel: 

Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Stee! Co 
Steel Plate Construction: 
Bethlehem Steel Co 

Chicago Bridge & Iron ¢ 
Pittsburgh-Des Moines Stee! Co 
Storage Tanks: 

Hethliehem Steel Co 

Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 
Strainers, Suction: 

Greenberg's Sons 

R. D. Wood Ca 

Sulfur Dioxide, Liquid: 
Virginia Smelting Co. 

Surface Wash Equipment: 
Permutit Co 

Stuart Corp 


ADVERTISERS’ 


Swimming Pool Sterilization: 
Belco Industrial Equipment Div., 


In 
Everson Mfg. Corp. 
Omega Machine Co. (Div., 
ers Iron Fdry.) 
Proportioneers, Inc 
Wallace & Tiernan Co., Inc 
Welsbach Corp., Ozone Processes 
Div. 


Tanks, Steel: 

Bethlehem Stee! Co 

Pies azo Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 


Tapping Machines: 
Hays Mig. Co 
Mueller ¢ 

A. P. Smith Mig. Co. 


Taste and Odor Removal: 

Industriai Chemical Sales Div 

Infileo, Inc 

Proportioneers, Inc 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., In 

Welsbach Corp., Ozone Processes 

Telemeters, Level, Pump Con- 
trol, Kate of Flow, Gate 
Position, ete.: 

Builders-Providence, Inc. 


Build- 


Turbidimetric Apparatus (For 


Turbidity and Sulfate De- 
terminations): 

Hellige, Inc 

Wallace & Tiernan Co., Inc 


Turbines, Steam: 
DeLaval Steam Turbine Co 


Turbines, Water: 
DeLaval Steam Turbine Co 


Valve Boxes: 

Central Foundry Co 

James B. Clow & Sons 

Ford Meter Box Co 

M & H Valve & oe Co 
Rensselaer Valve ¢ 

A. P. Smith Mfg. Co 

R. D. Wood Co. 


Valve Inserting Machines: 
A. P. Smith Mig. Co 


Valves, Altitude: 
Ross Valve Mig. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James B. Clow & Sons 

M. Greenberg's Sons 

M & H Valve & Fittings Co 

Rensselaer Valve Co. 

R. D. Wood Co. 

Valves, Detector Check: 

Hersey Mig. Co 


Valves, Electrically Operated: 
James B. Clow & Sons 

Kennedy Valve Mig. Co 

M & H Valve & Fittings Co 
Philadelphia Gear Works, Inc 
Rensselaer Valve Co 

\. P. Sn.ita Mfg. Co 


Valves, ‘lout: 
Ross Valve Mig. Co., Inc 


PRODUCTS INDEX 
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Valves, Gate: 

Dresser Mig. Div. 

Jones Co 

cennedy Valve Mig. Co 
Ludlow Valve Mig. Co. 

M & H Valve & Fittings Co 
Mueller Co 

Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 


R. D. Wood Co. 
Valves, Hydraulically Oper- 
ated 


James B Clow & Sons 
Kennedy Valve Mig. Co 

M & H Valve & Fittings Co. 
Philadelphia Gear Works, In 
Valve Co. 

Smith Mig. Co 

k D. Wood Co. 

Valves, Large Diameter: 
James B. Clow & Sons 
Kennedy Valve Mig. Co 
Ludlow Valve Mig. Co 

M & H Valve & Fittings Co 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Regulating: 

Ross Valve Mig. Co 

Valves, Swing Check: 
James B. Clow & Sons 

M Greenberg's Sons 

M & H Valve & Fittings Co 
Valve Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 
Waterproofing 

Inertol Co., Inc. 

Water Softening Plants: 
(See Softeners) 

Water Supply Contractors: 
Layne & Bowler, Inc. 

Water Testing Apparatus: 
Hellige, In 

LaMotte Chemical Products Co 
Photovolt Corp 

Wallace & Tiernan Co., Inc 
Water Treatment Plants: 
American Wel! Works 
Chain Belt Co 
Chicago Bridge & Iron Co 
Dorr Co 

Everson Mfg. Corp. 

Graver Water Conditioning Co 
Hungerford & Terry, Inc. 
Infilce, Inc 

Pittsburgh-Des Moines Steel Co 
Roberts Filter Mig. Co 
Stuart Corp. 

Walker Process Equipment, Inc 
Wallace & Tiernan Co., Inc 
Welsbach Corp., Ozone Processes 

Div 


Well Acidizing: 

Dowell Incorporated 

Well Drilling Contractors: 

Layne & Bowler, Inc 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see: lon 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1948 Membership Directory. 
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at heads to 300 feet. 


Economy Double Suction Pumps meet your needs ... for 
most any volume. More than 1500 ratings designed for every 
type drive assure you the right pump for your requirements... 
with these advantages: 


1. Complete rotor may be removed without exposing bearings 
which are enclosed in removable cartridges. 
2. Shoft sleeves sealed to prevent leakage between sleeve and 
shaft. 
. Modern hydraulic design. 
. Flanged wearing rings “L" shaped, inward flow. 
. All parts made to limit gouges for interchangeability. 
. Unusually effective water seals. 
No threads in center of shaft to start fatigue failure. 
8. Large wells for lubrication with flushout for old lubricant. 


For full details write Dept. AG-4 for Catalog 1147-A. 
Centrifugal, axial and mixed flow pumps for all applications. 


. Capacities 
from 10 to 15,000 G.P.M. 4 
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Without a working meter on every service you 
can't begin wo know where a dwindling water 
supply is going. You can't stop waste. You can't 
comrol costs. You can't equitably apportion 
water charges. You can't even treat sewage 
economically. In short, without meters you have 
no control over a service vital to public health 
and well-being. 


V ol. 42, No. 4 


HOW TO 


THESE HEADACHES 
IN H,0 


If you are struggling against the odds of an 
un-metered or only partially metered system, 
now is the time to do something about it. The 
nationwide water shortage has made both your 
consumers and municipal officials thoroughly 
water conscious. We've prepared a complete 
program that will help you present the true facts 
on the advantages resulting from 100 per cent 
metering in your Community. Write today, no 
obligation involved. 


“Pittsburgh Equitable Meter Division 
ROCKWELL MANUFACTURING COMPANY — 


Fpuitte Water 7, A TYPE AND SIZE METER FOR EVERY NEED 
On 
= 
“ q 4 
~~ sor vy A 
“ -” 


That's the actual case history of 


a Dorrco Flocculator installation at a 
large Eastern water treatment plant 
The water works superintendent re 
ports absolutely no trouble with bear- 
paddles or drive mies hanism 
since this unit was first 
1939 at a design capacity of 10 
This is typical of the oper- 
iting dependability you get with 

The dry well 
the entire drive 


ings, 
installed in 


Dorreco Flocculators 
feature means that 
mechanism is never exposed to water 
and is readily accessible at all times 


If you have existing plain basins 


ADDITIONAL FEATURE FOR MAINTENANCE ECONOMY 


chances are they can be converted 
and at a substantial saving 
in cost. New plant or moderniza 
tion, Dorrco Floculators will improve 
your entire pre-treatment operation 
\ close check on one installation 
after only three months of operations 


easily 


showed 


@ Filter runs lengthened 0°). 

@ Wash water demands reduced 

@ Alum costs cut 30°”. 


Why not write for further infor- 
mation concerning the savings and 
increased efliciency that Dorrco Flo« 
culators can achieve in your plant? 
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Jointed for... 
Permanence 


LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75‘. 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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